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PROLOGUE
The centra.1 theme of this thesis is an investigation
of the effect of posterior pituitary hormones on the
excretion of electrolytes by the dog. For the sake of
simplicity the findings are presented and discussed
under eight separate sections, but this has,on occasion,
necessitated the presentation of observations out of
their logical context. Thus Section I is made up of all
the control obseravtions made throughout the entire study
and contains data obtained from each dog under all the
conditions under which it was subsequently studied.
In Section II the actions of the posterior pituitary
hormones on electrolyte excretion were studied in normal
dogs on normal diets. The next section describes how the
relative proportions of the various urinary electrolytes
were varied in an attempt to determine whether the post¬
erior pituitary hormones exert a specific effect on the
excretion of any particular ion# A more detailed anal¬
ysis of the same data in Section IV appears to provide
some clue as to the site of action of vasopressin.
The sections concerning the adrenalectomized dog
and the dog with denervated kidneys are presented as
evidence that vasopressin exerts its action directly on
the renal tubules. The description of the renal action
of Intermediate Lobe Hormone is included because this
substance is a possible contaminant of all posterior
pituitary extracts.
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ELECTROLYTE EXCRETION DURING WATER DIURESIS
AND DURING THE NON-DIURETIC STATE
INTRODUCTION
The basic experimental method underlying all the
studies recorded below is an observation of the simul¬
taneous excretion of water, Na, K, and CI by a dog during
a standard two hour period. The excretion pattern was
modified by the injection of various substances into the
dog during the observation period, or by varying the
metabolic state of the animal before the observations
began.
In many cases two or more experimental conditions
were varied at the same time. It follows that if any
firm conclusions are to be drawn from the manner in which
the excretory pattern was modified by the experiment, the
normal excretory pattern must be clearly defined.
In Section I therefore, a detailed investigation
of the relationship between water excretion and electro¬
lyte excretion has been undertaken. Consideration has
also been given to the underlying mechanisms whereby the
concentrations of urinary electrolytes may be varied.
Although the relationship between urine flow rates
and electrolyte excretion has been extensively studied
there are unfortunately many conflicting results which
cannot be explained by species differences.
There is considerable evidence that despite the
formation of a more dilute urine at higher rates of urine
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flow, the absolute amount of electrolyte excreted in any
minute actually increases as urine flow increases. Thus
Friberg, Karvonen and Leppanen (1950) demonstrated a
strong positive correlation between Na excretion and
urine flow in dogs during an acute water diuresis,
A similar correlation was found in humans by Roscoe
(1956), who maintained his subjects in a standard state
for many days and analysed a urine sample collected at a
standard time each day. By regulation of water intake the
minute volume was varied from very low rates of flow to
moderate rates, but a maximal water diuresis was not
studied, Uoscoe found that the positive correlation
between water excretion and electrolyte excretion was
best demonstrated at low rates of flow. At a critical
moderate rate of flow the slope of the correlation curve
flattened out, and there was some evidence that electro¬
lyte excretion could remain at a steady level while
urine flow rates further increased.
In an experiment on men where a water diuresis was
maintained for 11 days by the daily ingestion of 10 1 of
water, de Wardner and Herxheimer (1957) found that one
of their subjects developed a large Na deficit, despite
an increased Na intake.
At the opposite extreme there are reports that the
absolute excretion of electrolytes decreases during
water diuresis. In the human, Eggleton (1943) found that
CI excretion fell progressively as the water diuresis
developed. Similar findings had previously been recorded
by Adolph and Ericson (1926), who also noted that the CI
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excretion continued to fall after the peak of diuresis
had passed.
In both humans and dogs, Marshall (1920) observed a
preliminary increase in CI excretion at the onset of a
water diuresis. By the time the peak of diuresis had been
achieved the CI excretion had always fallen below the
starting level. Priestley (1921) found a similar biphasic
response in humans on a normal diet. When the diet was
low in CI, or if the diuresis was initiated after a period
of fasting, the initial increase in CI excretion was not
seen and CI output fell progressively from the outset.
A third possibility was noted by Klisiecki, Pickford,
Rothschild and Verney (1932) who found that in dogs
absolute CI excretion did not alter during water diuresis.
Probably most of the confusion in the above results
arises in the lack of standardization of experimental
conditions. The following study therefore aims to define
clearly the response seen under the highly standardized




A total of 263 observations were made on 7 dogs. Of
these,42 were designed primarily as control observations
of the unmodified excretory pattern. In the remaining
experiments the urine flow was observed for 40 to 50 rain
before some additional experimental procedure was under¬
taken, Thus in all cases some observations of the
unmodified excretory pattern are available for analysis.
The animals used were adult bitches weighing from
0,1 kg to 33 kg. At a preliminary operation the perineum
had been split to display the urethral orifice for easy
catheterisation. All dogs had fully recovered from any
operative procedure before any observations were made.
One dog (Jill) had been subjected to bilateral ovari¬
ectomy 10 months before the observations were made.
Five of the dogs were fed a stew prepared from
bread and meat as provided to all stock dogs in the
animal house. To the stew pot a standard measure of salt
was added each day, resulting in a ration of NaCl of
about 2gm/dog/day. This diet varied considerably in
electrolyte content from month to month, but was fairly
constant over shorter periods. One dog (Jill) was fed
a standard diet prepared from Red Heart canned dog food
and bread supplemented by uniform dog biscuits. This
standard diet was also fed to an adrenalectoiaized dog.
The dogs were fed once daily at 5p m.
On the day of an experiment a dose of water (200 to
300 ml depending on the size of the animal) was admin¬
istered by stomach tube at 11.45 am. The observation
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period commenced at about 2.30 pm when a second water
dose of the same volume was administered. When the non-
diuretic state was to be observed, this afternoon dose
was omitted. During the observation period the dog rested
quietly on its side on a table. The bladder was cathet-
erized, and urine drained into an open measuring cylinder
below the level of the dog. A T piece in the catheter
close to the vulva allowed air to be blown through the
external collecting system at the end of each collecting
period. Most of the dogs developed a reflex whereby the
bladder was emptied when the tail was manipulated.
Occasionally slight suprapubic pressure was required.
Urine was collected every 10 rain.
Na and K were measured by means of an E.E.L. flame




(1) ELECTROLYTE EXCRETION BY THE NORMAL DOG
Unmodified water diuresis.
(a) Hieing phase of diuresis. In 75 experiments on
seven dogs a simple water diuresis was induced. In 47 of
these the absolute excretion of all three electrolytes
(Na, K and Cl) fell progressively while the urine flow
was increasing; i.e. there was a negative correlation
between urine flow and electrolyte excretion. Some dogs
reproduced this pattern more regularly than others, as is
shown in table I. The magnitude of the fall varied from
100^ changes to changes of 10^.
Table I
Dog Total Typical f Typical
experiments responses
Big Claus. 25.5kg 25 18 72
Spot. 9.1kg 8 7 88
Popsey. 18kg 10 9 90
Susy. 13kg 12 3 25
Fernitickles. 13kg 13 10 77
Lady. 33kg 1 0 0
Jill. 13,6kg 6 0 0
Totals 75 47 63
Note: A typical response is one in which the excretion
of Na, E and Cl consistently falls during the rising
phase of diuresis.
Table II shows the 28 atypical results expressed in a
manner which illustrates the changes in the individual
7
electrolytes in each dog. From the totals it may be seen
that CI excretion most consistently decreased with
increasing urine flow {60^ of cases). Of the three
electrolytes measured Na excretion most frequently
increased during the diuresis (25f of cases). The most
frequent atypical response, however, took the form of the









Big Claus 7 2 1 4 5 1 l 6 0 l
Spot 1 1 0 0 0 1 0 1 0 0
Popsey 1 1 0 0 0 1 0 1 0 0
Susy 9 6 3 0 1 4 4 6 1 2
Fernitickles 3 0 2 1 3 0 0 1 * 1
Lady 1 0 1 0 0 1 0 0 1 0
Jill 6 0 4 2 2 3 1 2 2 2
Totals 28 10 11 7 11 11 6 17 5 6
— Excretion consistently decreasing with increasing
urine flow.
0 Excretion unchanged with increasing urine flow, or
change not consistent in direction.
-f- Excretion consistently increasing with increasing
urine flow.
Of the 28 atypical responses there were 17 cases
where the excretion rates of two of the electrolytes
decreased with increasing urine flow. In 9 of these 17
experiments the excretion of the third electrolyte was
unchanged by the diuresis, and in 8 cases the excretion
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of the third electrolyte increased during the rising
phase of the diuresis. In only four experiments did the
excretion rate of more than one electrolyte increase with
increasing urine flow, and on only two occasions did all
three electrolytes show this response.
There is no obvious reason why these atypical
responses occurred. They did not depend on the initial
rates of electrolyte excretion. In this series of 75
experiments the Na and CI excretion rates varied from less
than lOuEq/min to over 100 uEq/min, while the X excretion
ranged from below 5 uE/min to over 40 uEg/min. The
atypical responses were distributed evenly throughout this
range. The Na/K ratio did not appear to influence the
response.
(b) Declining phase of diuresis. In 14 experiments
the water diuresis was allowed to progress until the
urine flow returned to normal levels. In all cases the
fall in electrolyte excretion continued beyond the peak
of diuresis; i.e. there was a period when both urine
flow and electrolyte excretion were decreasing at the
same time* In 11 of these 14 observations the electrolyte
excretion began to rise again within 30 rain after the
peak of diuresis, despite a continued fall in urine
flow (Fig l). In one case this increase was delayed for
60 rain, and twice it had not occurred when the experiment
ended 40 min after the peak of diuresis.
In six experiments the water diuresis was induced
after a preliminary period of observation. In all six
cases the onset of diuresis was marked by an increase in
20 40 »0 «0 IOO ISO 140
Minutes
Fig. 1. B.C1 30.4.57. Water diuresis in a normal dog.
300 ml water at 0 time. The rate of electrolyte excretion
is lowest in the period immediately following the peak
of diuresis.
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electrolyte excretion, but as the urine flow subsequently
increased the electrolyte excretion began to fall again,
giving rise to the typical response described above. In
only one case, however, did the electrolyte excretion
during the diuresis fall below that observed during the
preliminary control period (Fig 2),
Non diuretic state.
In 32 experiments on the same seven dogs the urine
flow was observed throughout the usual afternoon period,
but with the omission of the afternoon dose of water. No
correlation between urine flow and electrolyte excretion
was apparent. The rates of excretion of Na, K and CI
either remained steady or fell slightly throughout the
observation period, and within wide limits were
independent of urine flow. However, large fluctuations
in the urine flow of the order of lOOf change in minute
volume between samples did frequently cause the excretion
rates of all the electrolytes to move in the same
direction (Fig 3).
20 40 *0 $0 IOO 120 140
Minutes
Fig. 2. S, 18.6.58 Water diuresis in a normal dog.
£50 ml water administered at 44 min (arrow). The rate of
excretion of Na and CI during the diuresis falls below
the pre hydration rate. Note that K is plotted on a
magnified scale.
20 40 60 SO IOO 120 MO
Minutes
Fig# 3# B#C1 8,5.57 Non diuretic urine flow in a normal
dog. There was no correlation between electrolyte
excretion and urine flow except terminally) where a
sudden decrease in flow rate was accompanied by a
decreased electrolyte output.
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(II) ELECTROLYTE EXCRETION BY THE NORMAL HUMAN
In four experiments on two Human subjects a water
diuresis was induced by drinking one litre of water three
hours after the subjects usual breakfast. In two experi¬
ments on an adult male the electrolyte excretion remained
unchanged during the rising phase of the diuresis* In
two experiments on an adult female the electrolyte
excretion increased as the urine flow increased.
In two experiments on the male subject the urine
flow was observed at the same time of day, but without
water loading* Under these circumstances electrolyte
excretion could not be correlated with the rate of urine
flow.
(III) ELECTROLYTE EXCRETION AFTER RENAL DENERVATION
Method.
One dog was subjected to denervation of both kidneys
at a single stage operation in which both kidneys were
mobilized and the renal vessels stripped. Observations
were made over the period ranging from one to twenty
weeks after the operation. This animal had also been
extensively studied before the operation.
Experimental.
(a) Water diuresis. In the dog subjected to renal
denervation 21 observations of simple water diuresis
were made. In seven experiments the rate of excretion of
all three electrolytes decreased during the rising phase
of the diuresis, and in another three experiments the
rate of excretion of two of the electrolytes decreased
while the third remained unchanged. In all the other
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experiments the rate of excretion of the electrolytes
either remained unaltered by the diuresis, or the
excretion of individual electrolytes changed in different
directions in the same experiment# Table III shows the
frequency of each type of response for the individual
electrolytes. The nature of the response could not be
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(b) Non diuretic state. On five occasions after
renal denervation the non diuretic urine flow was
observed. Four of the observations were made within three
weeks of the operation, and the fifth was made 16 weeks
later. In no case was there any correlation between
urine flow and electrolyte excretion. Figure 4 illustrates
a typical experiment. This pattern of electrolyte
excretion was the same as that seen in the intact animal,
(IV) WATER AND ELECTROLYTE EXCRETION AFTER ADRENALECTOMY.
Method.
One dog was subjected to bilateral adrenalectomy at
a two stage transabdominal operation. It was maintained
on 0.7mg D.C.A. and 8mg hydrocortisone daily. The diet
consisted of Red Heart canned dog food (two tins per day)
mixed with bread. This was supplemented with 200ml of
cows milk, four small standardized dog biscuits, and
20 4 O 60 SO 100 120 140
Minutes
Fig. 4. B.C1 22,10.57. Non diuretic urine flour in o
dog with denervated kidneys. 1.0 ml of 0.9^ NaCl admin¬
istered i.v. at 51 min (arrow). There was no correlation
between electrolyte excretion and urine flow.
i
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1.2 go] NaCl daily. This regime was judged to be adequate
in that the dog appeared well, and maintained a constant
body weight and normal serum electrolyte levels.
Experimental,
(a) Water excretion. In 30 experiments after
adrenalectomy a simple water diuresis was induced. The
maintenance dose of steroids was sufficient to enable a
normally brisk diuresis to occur. In five cases the daily
dose of P.C.A. was increased to twice or three times the
maintenance level, and on five other occasions the dose
of D.C.A. was either reduced to half or omitted. It
would be of interest to compare the magnitude and rapidity
of onset of the diuresis in these two groups. Unfortun¬
ately the original plan of the experiments involved
making an injection just before the predicted peak of
diuresis, so that the complete unmodified diuretic curves
are not available for comparison.
In the cases in which high doses of U.C.A. had been
given, the last unmodified minute volumes had been
recorded at times ranging from 44 to 49 rain (mean 46 rain)
after the water loading. In the P.C.A, deprivation
experiments the corresponding observations had been made
at times ranging from 42,5 inin to 49 min (mean 46,3 rain)
after water loading. The two groups are therefore
comparable.
In the high steroid experiments the mean minute
volume at this last reading was 5,83 ( to.89) ml/min. At
the corresponding time in the low steroid experiments
the minute volume had achieved a mean value of only
13
4.65 (± 0.605) ml/min. This difference is significant at
the 5/f level, (t-2,33), Excessive D.C.A. therefore
appears to promote a larger and more brisk diuresis,
(b) Electrolyte excretion. Of the 20 experiments
carried out during normal steroid maintenance 7 showed
a fall in the excretion of Na, K and CI during the phase
of increasing urine flow. In 9 cases there was a prelim¬
inary increase followed by a decrease in the excretion
of all electrolytes (Fig 5), In the remaining cases there
was no correlation between electrolyte excretion and
urine flow.
Of the five experiments in which D.C.A. dosage was
excessive, four showed decreasing Na, K and CI excretion
during the rising phase of the diuresis while the fifth
showed the biphasic response described above. When the
D.C.A. dosage was low three of the five cases showed
decreasing excretion of Na, K and CI as urine flow
increased, while in the other two experiments the diuresis
did not alter the excretion of electrolytes.
In three of the experiments during normal steroid
maintenance, and one during low steroid therapy, the
water load was given after a preliminary observation
period. In all four cases the electrolyte excretion rose
at the beginning of the diuresis but fell again before
the peak of diuresis was reached. As in the normal animal
the electrolyte excretion during the diuresis did not fall
below the level seen in the preliminary observation
period. As also with the normal dog, the electrolyte
excretion rates continued to fall for some time after the
20 40 60 SO IOO 120 140
Minutes
Fig, 5. F, 22,7,58 Water diuresis in an adrenalectomized
dog, 250 sal water at 0 time, 1,0 ml of 0,9^ NaCl admin¬
istered i.v. at 61 ffiin (arrow), 8 mg hydrocortisone and
0,7 rag B.C.A. had been administered 3 hours before.
There was a preliminary increase in electrolyte excretion
at the beginning of the diuresis, followed by a subsequent




High P.C.A. dosage resulted in an initially low
Na/K ratio (mean 1.66), and low P.C.A. a high Na/K ratio
(mean 5.00). These ratios remained fairly constant
throughout the diuresis, the fall in output of any
particular electrolyte being proportional to its initial
value.
(c) Non diuretic state following adrenalectomy. In
9 experiments during normal steroid maintenance, and in
one experiment where the steroid dose had been reduced
to half, the resting urine flow was observed. No correl¬
ation between urine flow and electrolyte excretion was
detected.
(V) EFFECT OF PREVIOUS LOADING WITH VARIOUS SALTS ON
ELECTROLYTE EXCRETION.
Method
Originally the intention of the experiment was to
study the effect of including in the morning water load a
dose of approximately 1.5 gm NaCl. This amount had been
arbitarily decided upon as being equivalent to the NaCl
content of an average meal, and contained the inconven¬
ient number of 2$5 raEq of Na and CI. In later experiments
doses of other salts were calculated to contain the same
number of mEq of the electrolyte under investigation.
Experimental.
(a) NaCl loading. In 21 experiments on six normal
dogs the morning dose of water contained 1.5 gm NaCl. In
14 of these experiments the excretion of all three
electrolytes fell during the rising phase of the diuresis.
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These cases included two control experiments where it
was seen that the electrolyte excretion did not rise
again until 30 rain after the peak of diuresis. Tables IV
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The Na excretion is seen to increase most frequently
with increasing urine flow, whereas the CI excretion
never increases.
The experiment was repeated four times on the dog
with denervated kidneys. In three of these cases the
excretion of all electrolytes decreased as urine flow
increased, but in the fourth experiment Na excretion
increased while the excretion of K and CI decreased.
Only twice was the non diuretic state observed after
a morning dose of NaCl. One experiment was in the normal
dog and one in the dog with denervated kidneys. In neither
case could the electrolyte excretion be correlated with
urine flow.
(b) KC1 loading. In five experiments on four normal
dogs the morning dose of water contained 1.9 gra KC1. In
three of these experiments the excretion of all three
electrolytes decreased during the rising phase of the
diuresis. In one case the excretion of Na and CI fell
while that of K remained stationary. In the other
experiment the excretion of all electrolytes was unaltered
16
by the diuresis.
In one experiment in which the non diuretic state
was observed after a morning dose ®f KC1 the excretion
of nil three electrolytes decreased when urine flow
increased* However, the minute volumes in this experi¬
ment were unusually high (1,00-1.4 ml/min),
(c) N&HCQ» loading* In 16 experiments on four
normal dogs the morning water dose contained 2,15 gm
NaHC0„. In 10 cases the excretion of all three elect-
<3
rolytes fell during the diuresis. In two experiments all
three electrolytes increased during the diuresis, e.nd in
the remaining cases there was no consistent change in
electrolyte excretion. Tables V and VII summarize the
response of each electrolyte.
Table V
Na K CI
0-f- — 0 -t- — 0
11 3 2 12 2 2 11 3 2
(d) KHC0„ loading. In four experiments on three
normal dogs the morning dose of water contained 3.35 gm
KIIC0tj, In all cases the output of all three electrolytes
fell during the diuresis.
(e) NaIIC0„ and KI1C0,, loading combined. In one
animal (Jill, ovariectomised) six experiments were
conducted in which the morning dose of water contained
1.5 gm NaHCOy and 0,5 gm KlfCOg. Except for two cases
where the excretion of CI fell during the rising phase of
the diuresis the excretion of electrolytes did not appear
17
to be related in any way to urine flow.
In one experiment where the water loading was made
after a 40 rain preliminary period of observation the
electrolyte excretion rates rose immediately after loading,
fell a little as the peak of diuresis was approached, and
were still falling 30 rain after the peak of diuresis, by
which time the Na excretion had fallen below the control
levels (Fig 6)i In another control experiment the
prolonged fall in electrolyte excretion was still present
40 rain after the peak of diuresis.
The only observation on resting rate made under these
circumstances was the preliminary observation period
illustrated in Fig 0. Here there was no correlation
between urine flow and electrolyte excretion.
(f) NH^Cl loading. In 18 experiments on five normal
dogs the morning water dose contained 1,4 gra NH^Cl. In
10 cases the excretion of all three electrolytes fell
during the diuresis. In the remaining experiments the
response was mixed. Tables VI and VII illustrate the
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The table shows that CI excretion is most frequently
decreased with increasing urine flow, and that the most
frequent pattern is for all the excretion rates to
decrease during the diuresis.
20 40 60 SO IOO 120 140
Minutes
Fig, 6. J. 10,12,58 Water diuresis in a normal dog,
1,5 gm NallCOg and 0,5 gm KHCO,^ administered with the
morning water load, 250 ml water administered at 41 min
(arrow). Upper graph (solid circles) shows excretion
of creatinine in rag/rain. There was an increase in
electrolyte excretion at the beginning of the diuresis
followed by a subsequent decrease.
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In one control experiment the excretion rate of all
the electrolytes increased immediately after water loading
but fell again as the diuresis was established and
continued to fall for 30 min after the peak of diuresis.
In this experiment the final excretion of CI was less
than that observed during the preliminary control period.
During this control period there was no correlation
between urine flow and electrolyte excretion.
In one experiment the dog with denervated kidneys
was given a morning load of NH.C1, During the subsequent
water diuresis the excretion of Na, K and CI decreased,
(g) Loading with sundry salts. In two normal dogs
a series of single experiments were carried out in which
the morning dose of water contained equiraolar doses of
Na citrate, K citrate, Na2S04' ^NH4^2K04' and Nn4HC03*
In all cases the excretion of Na, K and CI fell during










NaCl 15 3 3 18 2 1 19 2 0 21
KC1 4 1 0 3 2 0 4 1 0 5
NafIC0„
o
11 3 2 12 2 2 11 3 2 16
KHCOg 4 0 0 4 0 0 4 0 0 4
NaTlCOg
KIIC03
0 6 0 0 6 0 2 4 0 6
NH CI
4
11 3 4 15 2 1 16 2 0 18
Na citrate 1 0 0 1 0 0 1 0 0 1
K citrate 2 0 0 2 0 0 2 0 0 2
Na2S04 1 0 0 1 0 0 1 0 0 1
(NH4)2S°4 1 0 0 1 0 0 1 0 0 1
N«4HC03 1 0 0 1 0 0 1 0 0 1
— Excretion consistently decreasing with increasing
urine flow,
0 Excretion unchanged with increasing urine flow, or
change not consistent in direction.
Excretion consistently increasing with increasing
urine flow.
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(VI) EFFECT OF P1AM0X ON ELECTROLYTE EXCRETION.
In 10 experiments on three normal dogs the water
diuresis was observed after a morning dose of lOOiag
Pioraox. The urine flow reached much higher levels then
usual (up to 8.15 ail/min in one dog which had otherwise
never exceeded 6.0 ral/min). There was no obvious correl¬
ation between urine flow and electrolyte excretion, the
general trend being for the electrolyte excretion to
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In one experiment after Piaraox the non diuretic
state was observed. There was no correlation between
urine flow and electrolyte excretion.
(VII) CHANGES IN URINARY pH DURING WATER DIURESIS.
Method.
In this series of experiments the urine was collected
by the usual method of open drainage and the pH was
estimated immediately after the completion of each lo min
collecting period, using B.P.H. universal indicator. In
four experiments the urine was collected under paraffin
and the pll estimated both by indicator and by glass
electrode pH meter. These more accurate experiments
confirmed the trend of results obtained by the more crude
methods. Poses of NaHCO,, and NH .CI were as described aboved 4
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Experimental.
The pH was measured during a water diuresis in 21
experiments on five normal dogs. In 10 experiments the
dog was on a normal diet. In six experiments the urine
had been rendered alkaline by a morning dose of NaHCOg,
and on four occasions the urine was acid as a result of
NIl^Cl loading. One experiment was conducted 30 hours
after a dose of Diamox. In all cases the urinary pH either
increased or decreased from its initial value to approach
pH 7.0 at the peak of diuresis.
(VIII) CHANGES IN URINARY TITRATABLE ACIDITY DURING
WATER DIURESIS.
Method.
Urine was collected under paraffin and the titratable
acidity was estimated by adding a known volume of N/lO
NaOII and back titrating with N/lOO HC1, using phenol
phthalein as an indicator. The volume of urine available
for the estimation was frequently only 1 ml, so that the
accuracy of the experiment was limited.
Experimental.
The excretion of titratafale acid was observed during
a water diuresis in eight experiments on one dog. In five
cases the urine was acid and in three cases the urine was
alkaline. The acid excretion remained steady throughout
the diuresis, and could not be correlated with urine flow.
However in this particular series of experiments the
excretion of Na, K and CI also remained steady throughout
the diuresis.
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(IX) AMMONIA EXCRETION DURING WATER DIURESIS
Method,
In all cases where NH^ was to be estimated the
procedure was undertaken within two hours of the
collection of the urine to avoid false values due to
activity of urea splitting organisms. A protein free
filtrate of urine was made by first precipitating with
ZnSO^ and NaOII, diluting l/f>0 and filtering. The
content was estimated by the method described by King
and Wootton (1956), wherein 5 ml of the filtrate together
with 5 nil of Nessler's reRgent were diluted to 50 ml and
the resultant colour compared with the colour developed
by a similarly treated standard solution of NH^Cl,
Readings were made on a Spekker twin cell photometer
using a blue filter.
Experimental.
NHg excretion was observed during water diuresis on
five occasions in one dog. In three experiments the
urine was acid, and in two experiments the urine was
alkaline. In all cases the excretion of NH^ remained
steady and independent of urine flow. However, in these
experiments the excretion of Na, K and CI also remained
steady and independent of urine flow.
(X) TOTAL PHOSPHATE EXCRETION DURING WATER DIURESIS
Method.
Total urinary phosphate was estimated by the method
described by King and Wootton (1956), wherein the
phosphate in the presence of a reducing agent (ascorbic
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acid) and perchloric acid developes a blue colour with
ammonium molybdate. Colours were compared on the Spekker
photometer using a red filter.
Experimental.
Urinary phosphate excretion was observed during a
water diuresis on three occasions. Twice the urine was
alkaline and once it was acid. On one occasion during an
alkalosis the excretion of phosphate fell during the
diuresis, but in the other two cases the phosphate
excretion remained steady and independent of urine flow.
(XI) CHANGES IN GLOMERULAR FILTRATION RATE DURING
WATER DIURESIS
Method.
Changes in the glomerular filtration rate were
observed by measuring the excretion rate of endogenous
creatinine. Over the short course of these experiments
(two hours) the blood level of creatinine could reasonably
be expected to remain steady (Marshall, 1920) with
perhaps some slight decrease as a result of assimilation
of the water load. If one makes the additional assump¬
tions that none of the filtered creatinine is subsequently
reabsorbed, and that none is excreted by the tubules
(Smith, 1956), changes in the rate of excretion of
creatinine are seen to provide an indirect measure of
changes in the glomerular filtration rate.
Urinary creatinine was estimated by the method of
Folin (king and W'ootton, 1956) which depends on the
development of an orange colour by creatinine and picric
acid in the presence of NaOH. Colours were compared in
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the Spekker photometer using a green filter#
- > ■' ,l7
Experimental.
—
On 10 occasions on two dogs the excretion of
endogenous creatinine was measured during a water diuresis.
In two of these experiments the excretion of creatinine
fell at the peak of diuresis, but in all the other
experiments creatinine excretion remained fairly steady
and independent of urine flow. Creatinine excretion
could not be correlated with electrolyte excretion.
On three occasions when the water diuresis was
induced after a preliminary period of observation, there
was an increase in creatinine excretion at the time of
intubation. In two of these experiments the creatinine
excretion fell again as diuresis was established (Fig 6),
but in the third case the increase in creatinine
excretion was maintained for the remainder of the
experiment.
(XII) APPENDIXi EFFECT OF NOR-APRENALINE ON ELECTROLYTE
EXCRETION DURING WATER DIURESIS
On two occasions in one dog a small dose of nor¬
adrenaline was administered during a water diuresis. In
one case a single intravenous dose of 1 ug nor-adrenaline
resulted in a 30% increase in the excretion rates of both
Na and CI during the next 10 min. In another experiment
the infusion of 7 ug administered intravenously over 14
rain resulted in a 50^ increase in Na excretion for the
duration of the infusion. In neither case was the diure^
inhibited. The glomerular filtration rate did not appear
to be significantly altered by the nor-adrenaline.
24
DISCUSSION
The pattern of water excretion in dogs was uniform
throughout all the experiments carried out during water
diuresis, and agreed with all previously published
results. The urine flow rate usually began to increase
within 20 min of the ingestion of water, and the peak of
diuresis was usually achieved within 50 rain. The flow
rate in almost all experiments had returned to resting
levels within 120 min of the water loading*
In these experiments on water diuresis the excretion
of electrolytes also showed a fairly uniform pattern. In
most cases the rate of excretion of electrolytes fell
progressively up to the peak of diuresis and for 30 rain
after. This was true for all experimental conditions
except Diarnox diuresis.
The tendency not to conform to this pattern was more
obvious in some animals.Thus one dog (Jill, which had
been ovaricctoraized) contributed most of the aberrant
responses and few of the normal responses. However, as
the experiments were made on only one animal at a time,
and as the observations on each animal frequently
extended over many consecutive weeks, it may be that
some unrecognized environmental or seasonal factor
(rather than individual variations between dogs) contrib¬
uted to the abnormal behaviour. Nevertheless, even in the
aberrant responses the electrolyte excretion rarely
increased during a diuresis, and was usually at its
lowest level 30 rain after the peak of diuresis.
Under the conditions of the water diuresis
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experiments described above, therefore, it may be fairly
safely predicted that the rate of excretion of Na, K, and
CI at any time between 50 min and 80 rain after the
ingestion of water will be less than the excretion rate
at 40 min, i.e. if the excretion rate of an electrolyte
were plotted graphically against time, a straight line
joining the 40 min excretion rate to the 90 min excretion
rate would almost invariably pass above the intervening
points on the plot. (Fig I line AB), This statement forms
the basis upon which all succeding sections of this study
rest.
These findings obtained in dogs would appear to be in
complete agreement with those of Adolph and Ericson (1926)
and Eggleton (1943), Unfortunately in all these studies
observations were not started until after the hydration.
Therefore it is probably incorrect to assume that the
excretion rate of electrolytes in the first samples
represents the excretion rate in the nondiuretic state.
Where a preliminary observation period preceded the water
loading,the excretion of electrolytes was found to
increase at the time of water loading. This preliminary
increase was observed by Priestley (1921), who referred
to the phenomenon as "washing out of CI" by the increasing
urine flow. In the present studies however, the increased
electrolyte excretion usually preceded the onset of
diuresis. As the urine flow increased the electrolyte
excretion usually decreased.
In orded to demonstrate a true decrease in electro¬
lyte excretion during a water diuresis (as compared with
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the pre-hydration rate) it would be necessary to extend
the period of observation to include a preliminary period
before the administration of water, and the entire water
diuresis until the urine flow had returned to resting
levels. It would be necessary to show that during the
diuresis the excretion of electrolytes fell below the
pre-hydration level, and that as the urine flow decreased
again the electrolyte excretion increased.
In three experiments the electrolyte excretion did
fall below control levels, but unfortunately in none of
these cases was the observation period long enough to
observe a terminal increase in electrolyte output as the
urine flow subsided. Priestley (1921) demonstrated that
in the fasting human a progressive decline in the level
of CI excretion is to be expected. Thus it is possible
that any decrease in electrolyte excretion observed
during an experiment is spontaneous and unrelated to the
water loading. To satisfy the hypothesis that electrolyte
excretion is reduced during a water diuresis it would be
necessary to demonstrate an increase in electrolyte
excretion at the end of the diuresis. This late rise has
been observed in many experiments where no preliminary
observations were made before water loading (Fig I ) .
Although the entire phenomenon has not been demonstrated
in a single experiment, it seems probable that during a
water diuresis the excretion of electrolytes is reduced,
and that a subsequent increase in electrolyte excretion
is to be expected when urine flow returns to resting
levels,
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Results obtained from the human experiments are even
less conclusive# No study was carried out past the peak
of diuresis. One subject consistently showed an increased
electrolyte excretion during the rising phase of the diu¬
resis, while in the other subject the electrolyte
excretion remained constant* These findings are in accord
with those of Priestley (1921),
The stimulus for the production of a water diuresis
is probably the absorbtion of water from the gut#
Berkhin (1956) has demonstrated that nervous reflexes
arising from the mouth cause water diuresis to be more
prompt if water is administered by the mouth rather than
by stomach tube# In these present experiments the water
diuresis was always prompt after water loading by stomach
tube* Control observations were made to demonstrate that
the diuresis was not a conditioner response to the
passage of the stomach tube# On one occasion gastric
distension was produced by air and no diuresis resulted#
The absorbtion of water is rapid, a dose of 250 ml
being absorbed by dogs in 35 min (Klisiecki, Pickford,
Rothschild and Verney, 1932). This water causes a
dilution of plasma electrolytes which is maximal some
30 rain before the peak of diuresis (Rioch, 1930)#
Theoretically the plasma electrolytes could be diluted
without the absorbtion of water, by the passage of
electrolytes into the hypotonic fluid in the gut#
However, by means of isotopic studies, Visscher, Fletcher,
Carr, Oregoe, Bushey and Barker (1944) demonstrated that
hypotonic fluid introduced into the gut does not attract
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electrolytes from the blood as readily as had previously
been supposed.
The probable mechanisms by means of which an
increased water content of the body might produce a water
diuresis are generalized changes in haemodynamics leading
to changes in G.F.R. and R.P.F., nervous mechanisms
involving the renal nerves, and hormonal changes.
Renal denervation has been reported to lead to
increased water and electrolyte excretion (Kaplan, West
and Foman, 1953), The urine elaborated by such kidneys
has been found to be of constant electrolyte concent¬
ration (Sartorius and Burlington, 1956), Therefore it
was surprising to find that after renal denervation
water diuresis proceeded quite normally, with the
electrolyte excretion declining as the urine flow
increased.
Changes in renal haemodynaraics may be implicated,
Sellwood and Verney (1954) have demonstrated a slight
rise in G,F,R, and R.P.F. during water diuresis. Although
increases in G.F.R. at the onset of diuresis have been
found in this present study, the subsequent changes in
G.F.R. did not parallel the increased urine flow or the
decreased electrolyte excretion.
The role of the adrenal gland must be considered.
There is much evidence that diuresis cannot proceed
in the absence of adrenal steroids (Gaunt, 1951). This
phenomenon has been used as a test of adrenal insuff¬
iciency (Robinson, Power and Kepler, 1941). This
present study illustrates that diuresis is normal in the
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adrenalectomized animal provided the steroid maintenance
is adequate. This proves that diuresis does not depend
upon any modification of adrenal function.
The role of the posterior pituitary must also be
considered. Evidence will be presented in Section II that
vasopressin acts to decrease the flow of urine and to
increase electrolyte excretion. This suggests that water
diuresis may be due merely to a decreasing level of
circulating vasopressin, Verney (1947) has shown that the
secretion of vasopressin is regulated by the plasma
osmotic pressure. Therefore the reduction of serum
electrolyte concentration produced by the absorption of
a water load could be expected to decrease vasopressin
secretion. There is good evidence, however, that alter¬
ation in urine volume and urinary concentration can occur
in the absence of a posterior pituitary (Brodsky and
Rapoport, 1951). The electrolyte excretion during water
diuresis in a dog with diabetes insipidus follows the
same pattern as in normal dogs (Baird and Pickford, 1958),
Water diuresis cannot therefore be looked upon as merely
a cessation of the action of vasopressin.
The tubular pre-urine has been found to be approx¬
imately isotonic to plasma in the distal convoluted
tubule (Wirz, 1957). During a water diuresis osmotically
free water can be excreted only by diluting this tubular
fluid. This dilution could be achieved either by removing
solute from the tubule (Smith, 1956) or by adding water
(Roscoe, 1956)(Rrodsky and Rapoport, 1951) or both. It
was hoped that these experiments would lend support to
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one or other of these two opposing theories.
If urinary free water is generated by solute
resorption it follows that for any given G.F.R. the
excretion of electrolyte must decrease as the concent¬
ration of the urine decreases. Under these circumstances
the rate of urine flow would be determined by the
existing G.F.R, (Kleeman, Epstein and White, 1956),
Although this present study did not demonstrate any
increase in G.F.R, with increasing urine flow, such
changes have previously been reported (Sellwood and
Verney, 1954),
If, on the other hand, osmotically free water were
generated by secretion of water into the tubule,
increases in urine flow would depend upon the rate of
this secretion, and it would not be necessary to post¬
ulate increases in G.F.R, during the diuresis. The
excretion of electrolyte would remain steady throughout
the diuresis unless there was some change in G.F.R. The
findings in these experiments are consistent with either
theory, and are not extensive enough to favour any
particular one.
DISCUSSION OF APPENDIX
The study recorded in the appendix was designed to
investigate the increase in electrolyte excretion seen
immediately after water loading. This was usually
accompanied by an increase in G.F.R. and it was thought
probable that the increase in electrolyte excretion was
due to the increase in G.F.R. An attempt was made to
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produce a small increase in G.F.R. by the injection of
minute doses of nor-adrenaline. This substance was
selected because its circulating level was probably
increased by the disturbance of water loading. The aim
of the experiment (to produce a small increase in G.F.R.)
was not achieved, but a transitory increase in electro¬
lyte excretion did result.
These findings served to indicate the complexity of
the problem. It is obvious that large rapid changes in





EFFECT OF VASOPRESSIN AND OXYTOCIN
ON ELECTROLYTE EXCRETION
INTRODUCTION
Although the role of the posterior pituitary in
controlling urine volume appears to be well established,
there is still considerable argument as to whether
posterior pituitary extracts have any effect on electro¬
lyte excretion. During experiments on the isolated dog
kidney, Starling and Verney (1925) found that when
posterior pituitary extracts were added to the perfusing
fluid not only did the urine volume fall but the rate of
excretion of CI (as well as the urinary concentration of
Cl) increased. This action of crude extracts of the
posterior pituitary has also been demonstrated in the
intact rat by Unna and Walterskirchen (1936) and Jacobson
and Kellogg (1956), However, there appears to be no agree¬
ment as to the relative importance of the two posterior
pituitary fractions (vasopressin and oxytocin) in
producing this effect.
In a recent review Thorn (1958) claimed that there
was little evidence that vasopressin could increase
electrolyte excretion. This statement is probably accurate
if confined to human experiments, for although Little,
Wallace, Whatley, and Anderson (1947) were able to produce
increases in Cl excretion in humans with doses of vaso¬
pressin too small to produce antidiuresis, no such
increases were ever produced by a full antidiuretic dose
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of vasopressin. These negative findings in the human were
confirmed fay Holland and Stead (1951) and fay Chalmers,
Lewis and Pawan (1951).
There is good evidence that in the dog Pitressin is
chloruretic. Shannon (1942) found that Pitressin increases
the excretion of CI in normal dogs undergoing a water
diuresis, and in dogs suffering from diabetes insipidus.
Similar findings were reported fay Sartorius and Roberts
(1949) and fay Anslow and Wesson (1955), who found that
the effect was most obvious if the dog had been loaded
with NaCl. More recently similar findings have been
reported fay Brooks and Pickford (1957) and Ali (1958).
However not all workers are agreed, and it has been
claimed that posterior pituitary extracts are without
any effect upon electrolyte excretion in the dog.
(O'Connor, 1948)
The rat has also been reported to respond to vaso¬
pressin by increasing electrolyte excretion. This action
has been used by Ralli, Raisz, Leslie, Dumm and Laken
(1950) as an index of vasopressin activity. This effect
is more pronounced if the rat has been previously over¬
loaded with NaCl (Jacobson and Kellogg, 1956), in which
case the chloruretic effect may predominate over the
antidiuretic effect and diuresis may occasionally result.
Similar findings have been reported by Friedman,Nakashima
and Friedman (1955) but Picker (1957) is convinced that
in the rat vasopressin acts only on water reabsorbtion
and is without effect on electrolyte excretion. Croxatto,
Rosas and Barnafi (1956) found that Pitressin decreased
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the excretion of Na in rats. During Pitressin antidiuresis
in the rat Schlegel and Stone (1957) found that solute
excretion was directly proportional to urine flow. This
finding would appear to be in conflict with those where
electrolyte excretion was found to increase as urine flow
decreased.
The role of oxytocin would appear to be more clearly
defined. In the rat, Fraser (1937) found that oxytocin
always increased CI output and was occasionally diuretic.
These findings were confirmed by Kuschinsky and Bundschuh
(1939) and by Dicker (1957) who found the effect to be
most obvious at low rates of urine flow, Jacobson and
Kellogg (1956) found that oxytocin was always chloruretie
in the rat, but especially if the animal was loaded with
NaCl, Similar findings have been reported by Croxatto,
Bosas and Barnafi (1956),
In the dog oxytocin has been found to increase
electrolyte excretion when administered to the non-
hydrated animal (Brooks and Pickford, 1957), These
findings differ from those of Anslow and Wesson (1955)
who however used smaller doses. The problem has not been
very adequately investigated in the human, although there
are two reports of oxytocin being without effect on
electrolyte excretion in the human. (Thomson, 1959;
Brunner, Kuschinsky, Munchow and Peters, 1957),
35
METHODS
Most of the experiments described in this section
are merely continuations of experiments already reported
in Section I. Following the afternoon dose of water the
diuresis was allowed to progress for 40 to 50 min« At
this time (which was calculated to be just prior to the
peak of diuresis) an intravenous injection of the test
substance was made*
Urine samples were collected over 10 min periods
except for the samples immediately before and immediately
after the injection, which were usually 5 min. By this
means any short term effects due to the disturbance of
the injection were confined to two samples and were thus
more obvious. No samples were discarded.
Doses of vasopressin and Pitressin were chosen which
reduced the urine flow to about 0.5ml/min. Slower urine
flows were avoided because they introduced proportion¬
ately larger collection errors. These doses ranged from
ImU to 4mU depending on the size and responsiveness of
the dog. If a dog failed to respond to this order of
dosage the vasopressin was administered by slow intra¬
venous infusion. In this case the dose was of the order
of IraU as a priming dose followed by O.lraU/min for 10 to
15 rnin.
The doses of oxytocin or Pitocin were of the same
order as those used by Brooks and Pickford (1957) in
similar experiments, and ranged from SOraU to 150mU, This
dose was usually small enough not to depress a water
diuresis to any great degree, but sufficient to
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demonstrate changes in electrolyte excretion at low rates
of urine flow. If an animal failed to show any response
to single injections of this magnitude, slow intravenous
infusions were made. The dose in this type of experiment
was 80mU to begin with followed by 2mU/min for 10 to 15
rain.
The vasopressin used was a highly purified arginine
vasopressin prepared by Dr. V du Vigneaud. Pitressin
(Parke Davis) provided an alternative preparation of
adequately purified vasopressin. The oxytocin used was
the synthetic product "Syntocinon" of Messres Sandoz.
In the water diuresis experiments the changes in
electrolyte excretion brought about by the injection were
estimated by calculating the average rate of excretion of
electrolytes for the period following the injection, and
comparing this value with the one expected from a knowl¬
edge of control experiments. The average excretion rate
after the injection was compared with the excretion rate
seen at the last full collecting period before the
injection was made. The post injection period included
all samples collected after the injection and until the
electrolyte excretion resumed its normal pattern. This
frequently included a preliminary decrease in electrolyte
excretion followed by a rise. This biphasic response was
almost certainly due to a dead space error which is
probably best ignored. The information required of these
experiments is the amount of electrolyte excreted in a
given period after the injection. The dead space is
usually cleared within 2 min (Morales, Crowder, Fishraan,
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Maxwell and Gomez, 1950)* If the period of observation
is long enough the dead space error becomes insignificant.
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RESULTS
A. EXPERIMENTS ON DOGS.
(i) Experiments conducted during water diuresis
(a) Effect of arginine vasopressin. In six exper¬
iments on five normal animals arginine vasopressin was
administered during a water diuresis. In all cases there
was an antidiuresis lasting about 30 rain. In all six of
the experiments the excretion of CI was increased during
the antidiuresis, in five cases the excretion of Na was
increased, but only in three cases was the excretion of
K also increased. These findings are expressed in Tables
IX and XIII. An increase in K. excretion was never seen in
the absence of an increase in Na excretion.
Table IX
Na K
-|- 0 — -j- 0




The magnitude of the increase in electrolyte
excretion varied. The absolute amount of the increase was
greatest in those experiments where the electrolyte
excretion was high at the start of the experiment, but
the percentage increase was sometimes higher in those
experiments where the electrolyte excretion began at low





The mean increase in electrolyte excretion expressed
as a percentage was approximately 50^. The size of the
electrolyte increase did not appear to be related to the
degree of antidiuresis produced.
The peak of Na and CI excretion usually occurred
together within 20 rain of the onset of antidiuresis. The
peak of K excretion might occur in the earlier or later
sample. The elevation in electrolyte excretion persisted
for about 40 rain, which roughly corresponded to the
duration of antidiuresis.
In four cases there was a preliminary decrease in
electrolyte excretion at the onset of antidiuresis,(Pig ?),
but in two cases where the percentage increase in electro¬
lyte excretion was large (100^) the electrolyte excretion
was elevated in the first sample collected during the
antidiuresis (Fig 8).
(b) Effect of Pitressin. In 22 experiments on five
normal dogs Pitressin was administered during a water
diuresis. Antidiuresis was always produced. In 16 cases
the level of CI excretion during the antidiuresis was
greater than the CI excretion at the peak of diuresis.
On 16 occasions the excretion of Na increased during the
antidiuresis, and in 16 experiments the excretion of K
was also increased (Fig 9), These findings are shown in
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Fig, 7, S, 26,9,58 Water diuresis in a normal dog,
200 ml water at 0 time, 1,6 mU of arginine vasopressin
administered i,v. at 51 min, followed by an infusion
of 0,1 mU for 14 min.
Fig, 8 P 13,2,58 Water diuresis in a normal dog,
250 ml water at 0 time, 2mU arginine vasopressin admin¬
istered i,v. at 56 min (arrow). The electrolyte excretion
was increased at the first sample collected during the
antidiuresis.
ao 40 to (o 100 ijo 140
Minute*
Fig. 9. S 15.4.58 Water diuresis in a normal dog.
250 ml water at 0 time. 2mU Fitressin administered i.v.
at 03 min (arrow).
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In only two experiments did none of the electrolyte
excretion rates increase during the antidiuresis, but
even in these cases Pitressin was seen to have an effect
in that the progressive decrease in electrolyte excretion
usually seen during a water diuresis was arrested during
the antidiuresis.
The absolute increase in electrolyte excretion was
greatest when electrolyte excretion was high at the
beginning of the experiment, but the largest percentage
increases were seen when the initial electrolyte excretion
was low. The percentage increase in electrolyte excretion
usually lay between 50$ and 100$, but the actual figure
was extremely variable. The magnitude of the increase in
electrolyte excretion could not be correlated with the
degree of antidiuresis produced.
In 14 experiments the electrolyte excretion was
diminished in the first sample collected during the
antidiuresis, but in the remaining experiments the
increase in electrolyte excretion was immediate. The peak
of Na and CI excretion usually occurred together within
20 min of the onset of antidiuresis, but the peak of K
excretion frequently occurred in an earlier or later
sample. The elevation of electrolyte excretion usually
persisted for about 35 min, which corresponded approx¬
imately to the duration of the antidiuresis.
In one experiment where 100 times the usual dose of
Pitressin was administered the increase in electrolyte
excretion was fivefold, and was maintained for more than
60 min (wfien the experiment ended). The antidiuresis in
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this case was neither excessive nor prolonged, and the
diuresis was progressing again within 40 rain. (Fig 10).
(c) Effect of oxytocin. In 12 experiments on four
normal dogs oxytocin was administered during a water
diuresis. Tables XI and XIII list the frequency and type
of response of the individual electrolytes.
Table XI
Na K CI
-4- 0 — 4-0 — 4-0
813 5 07 624
4- Increased excretion, 0 No change.
— Decreased excretion.
These increases in electrolyte excretion were usually
less than 2Q$ except in one case (Fig 11) where the dog
had been accidently fed before the morning dose of water
had been administered.
In all the experiments there was some inhibition of
the water diuresis, which varied from a mild transient
decrease in the rate of urine flow to an antidiuresis
almost of the same magnitude as that produced by vaso¬
pressin. The electrolyte response could not be correlated
with the degree of antidiuresis produced. Of five cases
in which oxytocin produced an obvious increase in the
excretion of Na, K and CI, three cases showed marked
antidiuresis while in two cases there was only a slight
inhibition of urine flow. In the four experiments where
oxytocin did not cause tin increase in electrolyte
excretion, two were associated with obvious antidiuresis,
I 60
Fig, 10, P 26,2,58 Water diuresis in a normal dog,
300 ml water at 0 time, 800mU Pitressin administered i.v,
at 48 min (arrow). There was a large increase in electro¬
lyte excretion and a moderate antidiuresis.
20 40 60 80 IOO 120 140
Minutes
Fig. 11. B.Cl 21,5,57 Water diuresis in a normal dog,
250 ml water at 0 time. 150mU oxytocin administered i,v»
at 35 min. The large increase in electrolyte excretion
was thought to be related to the fact that the dog had
been accidentally fed four hours before.
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one showed a slight decrease in urine flow, while in the
other case the change in urine flow was not significant.
When an increase in electrolyte excretion was
produced it tended to be of longer duration than that
produced by vasopressin (Fig 12). In four cases the
increase persisted for more than 60 tain, in two cases it
lasted 40 min, while in the remaining cases the changes
were small and did not persist for more than 20 win.
(d) Effect of Pitocin. In two experiments I'itocin
was administered to a normal dog during water diuresis.
In both cases there was an increase in the excretion
rates of all three electrolytes with only a moderate
inhibition of urine flow. (Fig 13), This increase was of
the order of 20^ and lasted for 30 min in one experiment
and 40 rain in the other.
(e) Kffect of mixtures of oxytocin and vasopressin.
In four experiments on one dog a mixture of oxytocin and
arginine vasopressin was administered during a water
diuresis. The mixture consisted of l/2 the normal dose of
oxytocin plus l/8 the normal dose of vasopress in (80mU
oxytocin plus 0.6mU vasopressin).
This mixture was as strongly antidiuretic as the
usual dose of vasopressin. The electrolyte responses are
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Minutes
Fig, 12, B,C1 30,5,57 Water diuresis in a normal dog,
300 ml water at 0 time, 150mU of oxytocin administered
i.v, at 46 min (arrow). The increase in electrolyte
excretion was small, but was of longer duration than that
produced by vasopressin.
Fig. 13. B.C1 4.6.5T Water
300 ml water at 0 time* 150mU
at 45 min (arrow).
diuresis in a normal dog.
Fitocin administered i.v.
Table XIII
EFFECT OF POSTERIOR PITUITARY PREPARATIONS









vasopressin 501 3 12 6 0 0
Fitressin 16 0 6 16 2 4 16 2 4 22
Oxytocin 8 13 5 0 7 6 2 4 12











The increase in electrolyte excretion was never
greater than 2ofi and did not persist for more than 40 rain
(Fig 14).
(1I) Experiments conducted during the nondiuretic state.
(a) Effect of oxytocin. In 14 experiments oxytocin
was administered during the nondiuretic rate of urine
flow. There was no consistent significant effect on urine
flow. Tables XIV and XVI list the frequency and type of
response of the individual electrolytes.
Table XIV
Na K CI
•4- o — H-o — 4-o —
734 63 5 743
-)- Increased excretion, 0 No change.
— Decreased excretion.
These increases in electrolyte excretion were
sustained for quite long periods. In two experiments in
which the observations continued for n sufficient time
the increases were seen to be still present after 70 rain.
In eight other experiments the excretion of either Na or
CI or both was elevated for more than 50 rain after the
injection. (Fig 15),
The alteration in electrolyte excretion could not be
correlated with changes in the rate of urine flow, Of
the eight experiments in which there was an obvious
increase in the rate of electrolyte excretion, there was
an increased urine flow in only one, a decreased urine
20 4 O 60 0O IOO I20 140
Minutes
Fig* 14* B*C1 30*1*58 Water diuresis in a normal dog.
300ml water at 0 time* 80mU oxytocin plus 0*6mU vaso¬










Fig. 15. S 4,6.58 Non diuretic urine flow in a normal
dog. 150mU oxytocin administered i.v. at 42 min (arrow).
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flow in two, and no alteration in urine volume in the
others,
y
The tendency for oxytocin to cause an increased
electrolyte excretion did not appear to be related to the
initial level of electrolyte excretion. In eight experi¬
ments the excretion rate of Na began at less than 15
uEq/min« In three of these oxytocin caused an increased
electrolyte excretion, in four no change, and in one a
decrease. All the increases recorded were greater than
50^, In six experiments the excretion rate of Na began
at levels ranging from 20 uEq/rain to 90uEq/min, In four
of these cases oxytocin caused an increase in excretion
of Na, which in two cases was greater than 50J&* In one
experiment the Na excretion was unchanged, and in one
experiment the Na excretion was decreased.
The initial level Of K excretion also did not appear
to influence the response of either K, Na or CI* The
initial excretion of K ranged from l«5uEq/min to 40uEq/min
and the negative electrolyte responses were distributed
in a random fashion throughout this range*
(b) Effect of Pitocin, In two experiments on two
different dogs Pitocin was administered during the non-
diuretic state* In both experiments the excretion of Na
and CI was increased, while the excretion of K and water
remained unchanged* The changes were of the same magni¬
tude and duration as those caused by a similar dose of
oxytocia*
45
(c) Effect of vasopressin. In three experiments on
two normal dogs the usual antidiuretic dose of vaso¬
pressin was administered during the non diuretic state.
In all cases, for one sample only the urine flow was
reduced to about 50$ of the pre-injection level. Tables




-4- 0 — -f- 0 — -f-0
111 2 0 1 2 0 1
4- Increased excretion. 0 No change.
— Decreased excretion.
The increases in electrolyte excretion when seen
were small, the greatest being an increase in CI excretion
from 6.5 uEq/rain before the injection to an average of
12.2 uEq/rain after the injection (Fig 16). In only one
case did the increase in electrolyte excretion persist
for 60 rain,
(d) Effect of Pitressin. On one occasion the usual
antidiuretic dose of Pitressin was administered during
the non diuretic state. The urine flow was reduced from
1.35 ml/rain to 0.5 ml/rain for one sample only. The
excretion rate of Na was 69 uliq/min before the injection
and 73 uEq/min after the injection. This change in
electrolyte excretion is not significant. The excretion
rates of K and CI were not altered.
On one occasion, due to an error of dilution, a dose
20 40 60 0O IOO 120 140
Minutes
Fig, 16 P 17,2,58 Non diuretic urine flow in a normal
dog, 2mU vasopressin administered i,v, at 56 rain (arrow).
This is the largest increase in electrolyte excretion
recorded in any experiment where vasopressin was admin¬
istered during the non diuretic state.
Table XVI
EFFECT OF POSTERIOR PITUITARY PREPARATIONS
ON ELECTROLYTE EXCRETION DURING THE NON DIURETIC STATE
Na K CI Total
0 — -f- 0 — -+- 0 —
Oxytocin 734 03 5 743 14
Pitocin 200 020 200 2
Vasopressin 111 201 201 3





of SOOraU Pitressin was administered during the non diuretic
state. Although the urine flow was inhibited for only 10
min, the excretion rates of all electrolytes increased
four to fivefold, and were still elevated 44 min later
(Fig 17).
(ill) Effect of vasopressin on glomerular filtration rate.
In five experiments on one dog the effect of vaso¬
pressin on the excretion of endogenous creatinine was
studied during a water diuresis. In three experiments the
excretion of endogenous creatinine was not altered by
vasopressin, but in two other cases there were increases
of lOfl and 13f- which persisted throughout the antidiuresis.
B. EXPERIMENTS ON HUMANS
(I) Pitressin administered during a water diuresis.
In four experiments in two human subjects doses of
lOmU and 15raU Pitressin were administered intravenously
during a water diuresis. In all cases an antidiuresis
lasting 50 min was produced, but no increase in electro¬
lyte excretion was observed.
(II) Oxytocin administered in the non diuretic state.
In two experiments on one human subject oxytocin was
administered during the non diuretic state. On one
occasion a single injection of 250mU was made, and on the
second occasion a single injection of 150mU was followed
by an infusion of InmU for 15 min. In neither case was
the excretion of electrolytes altered by the injection.
20 40 40 SO IOO 120 140
Minutes
Fig. 17 P 25,2.58 Non diuretic urine flow in a normal
dog. 300mU Pitressin administered i.v, at 75 min (arrow).
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DISCUSSION
The findings recorded above are presented as evidence
that under selected conditions, both vasopressin and
oxytocin may increase the renal elimination of electro¬
lytes in the dog. Nevertheless the same data if interp¬
reted using less rigid criteria could be inconclusive.
In interpreting the findings from the water diuresis
experiments it is important to be aware of the normal
pattern of electrolyte excretion during a water diuresis.
In Section I it has been shown that under the conditions
of these experiments, the excretion rates of Na, K and CI
could be expected to fall from the onset of the diuresis
until the urine flow had returned to resting levels some
80 rain later. Similar findings have been reported by
Ali, Cross and Pickford (1058), If the test substance is
injected near the peak of diuresis, quite large increases
in electrolyte excretion will be overlooked if the total
excretion during the hour after the injection is merely
compared with the excretion during the hour before the
injection was made. This method of analysis of the data
ignores the underlying downward trend in electrolyte
excretion.
In this study the average electrolyte excretion
resulting from an injection has been compared with the
excretion rate existing during the 10 min period immed¬
iately before the injection was made* Even this method
of interpretation may fail to reveal some positive
results, for in those cases where the electrolyte
excretion rates are declining rapidly during the rising
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phase of the diuresis, an injection of a posterior
pituitary extract may considerably inhibit this decline
without causing the actual excretion rate to rise above
the pre-injection level. A more accurate analysis of the
data would involve the comparison of the actual excretion
of electrolytes with the excretion which could have been
expected had no injection been made. This refinement has
been used in a later section where greater accuracy was
required. The crude analysis used here is sufficiently
accurate to show the general trend of results, and since
the inherent error will cause a consistent underestimation
of the raagnitude of increases in electrolyte excretion,
the significance of the positive findings is enhanced.
In these experiments no difference was detected
between the actions of pure arginine vasopressin and
Pitressin. Therefore, since arginine vasopressin was in
short supply, Pitressin was frequently used in subsequent
experiments as the preparation of vasopressin.
These findings are in general in accord with those
of Brooks and Pickford (1957), Whereas these workers
found it desirable to administer vasopressin by slow
intravenous infusion to obtain a clearly demonstrable
increase in electrolyte excretion during a water diuresis,
in this study a positive response was almost invariably
obtained from a single injection. This increase in
electrolyte excretion is not accompanied by any signif¬
icant alteration in the excretion of endogenous creat¬
inine, which was used as a measure of changes in
glomerular filtration rate* This finding confirms the
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observations of Anslow and Wesson (1955) and Brooks and
Pickford (1958). On one occasion, when a massive dose of
300mU of Pitressin was administered during a water
diuresis, the electrolyte excretion increased to much
higher levels than usual and remained at these levels
for an unusually long time, although the antidiuresis
was of normal dimensions. These findings are in direct
conflict with those of Little et al (1947), who found in
the human that Pitressin caused an increase in electro¬
lyte excretion only when administered in doses too small
to produce antidiuresis. The question arises from this
experiment whether the electrolyte excreting effect of
Pitressin can be dissociated from the antidiuretic effect.
Unfortunately no clearance studies were made in this
particular experiment, so that it is uncertain whether
such massive doses of vasopressin are acting through the
same mechanisms as the normal dose, or whether these
effects are produced by changes in renal haemodynamics.
The action of vasopressin during the non diuretic
state has also been reported by Brooks and Pickford
(1957) who found that under these circumstances the normal
antidiuretic dose of vasopressin was without effect. The
failure of vasopressin to increase electrolyte excretion
at low rates of urine flow could be explained by the
assumption that during the non diuretic state the dog is
already secreting considerable quantities of endogenous
vasopressin. Since the antidiuretic effect of vasopressin
is proportional to the log of the dose (Bicker, 1953),
it is reasonable to assume that a small additional dose
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of vasopressin may be without effect on electrolyte
excretion, Turing a water diuresis, when the endogenous
vasopressin is very low, the same dose of vasopressin
might exert a profound effect. This view is lent support
by the increase in electrolyte excretion and decreased
urine flow produced when 300raU of Pitressin were admin¬
istered during the non diuretic state. As discussed above,
such massive doses of vasopressin may cause changes in
renal haemodynamics (and unfortunately again no clearance
studies were made in this case). However, it may well be
that large additional doses of vasopressin are required
to produce an appreciable response in the presence of
endogenous vasopressin.
The action of oxytocin is best seen in the non
diuretic state, where it causes the excretion of electro¬
lytes to increase for an hour or more. This increase is
said to be accompanied by an increase in renal plasma
flow without changes in glomerular filtration (Brooks
and Pickford, 1957), although Ali (1958) did produce
increases in G,F.R. with slightly larger doses of oxytocin.
These changes in renal haemodynamics could be sufficient
to explain the action oi oxytocin in increasing electro¬
lyte excretion without invoking a direct tubular activity.
However, oxytocin produces these changes in renal blood
flow even during a water diuresis when the electrolyte
effects are very small or absent. The slight increase in
electrolyte excretion produced by oxytocin during water
diuresis could possibly be explained by altered renal
haemodynamics, but they could also be due to the traces
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of vasopressin like activity which is present in even
pure synthetic oxytocin (Berde, Boepfner and Konzett,
1957) for in all cases where oxytocin increased electro¬
lyte excretion during a diuresis there was some inhib¬
ition of urine flow. However, in some of the experiments
reported in this section, the increases in electrolyte
excretion produced by oxytocin during a water diuresis,
though of smaller magnitude than those produced by vaso¬
pressin were of longer duration. This finding suggests
that even under these circumstances oxytocin may increase
electrolyte excretion by a specific action of its own.
There is some evidence that such an action may not be
directly on the kidney, but may be mediated through a
humoral reflex involving the hypothalamus (Brooks and
Pickford, 1958). Small doses of oxytocin injected into
the carotid artery were found to increase electrolyte
excretion in the non diuretic state without altering
renal haemodynamics.
Although Pitocin when administered during the non
diuretic state had an action identical with that of pure
oxytocin, it was found that during a water diuresis
Pitocin caused a larger increase in electrolyte excretion
than would have been caused by a similar dose of pure
oxytocin. This finding is in accord with those of Brooks
and Pickford (1957) although the occasional differences
between the response to Pitocin and oxytocin reported by
these workers were much more obvious than the differences
found in this study.
Brooks and Pickford found that Pitocin did not
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derive its special activity by virtue of being a mixture
of oxytocin contaminated by a small quantity of vaso¬
pressin* When such mixtures were artificially prepared
from the two pure hormones it was found that they did not
cause the large increases in electrolyte excretion seen
when Pitocin was administered during a water diuresis.
Indeed they found some antagonism between the actions of
vasopressin and oxytocin, in that the increases in renal
plasma flow produced by oxytocin is abolished if the
oxytocin is administered in combination with vasopressin.
In this study it was found that the antidiuretic
properties of vasopressin and oxytocin were synergistic
when administered together. This finding was in conflict
with those of Brooks and Pickford (1958) who found the
mixtures to be only weakly antidiuretic. Both investig¬
ations however showed that mixtures of vasopressin and
oxytocin were not particularly potent in increasing
electrolyte excretion.
Little significance con be placed upon the few
results obtained from human experiments, in this present
study. The conditions of these experiments were not
standardized and no preliminary studies had been made of
the pattern of electrolyte excretion during an unmodified
diuresis in these subjects.
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SECTION III
EFFECT OF ELECTROLYTE LOADING
ON THE RESPONSE TO VASOPRESSIN AND OXYTOCIN
INTRODUCTION
The state of NaCl loading of the test animal has
been found by several workers to condition the renal
response to posterior pituitary extracts, Anslow and
Wesson (1055) found that the increase in electrolyte
excretion caused by vasopressin in a water diuresis could
be magnified by loading the test dog with NaCl, West,
Traegar and Kaplan (1955) found that Pitressin had its
greatest effect in increasing osraolar clearance if admin¬
istered during an osmotic diuresis. Working with rats,
Jacobson and Kellogg (1956) found that the chloruretic
effect of vasopressin increased with increasing NaCl
loading. In Section II it was reported that vasopressin
caused the greatest absolute increases in electrolyte
excretion in those cases where the electrolyte excretion
began at high levels. The greatest percentage increases
were, however, seen in those experiments where the initial
electrolyte excretion was low.
In the rat the chloruretic action of oxytocin has
been found to be increased by NaCl loading (jacobson and
Kellogg, 1956). In the dog,oxytocin increases electrolyte
excretion only at low rates of urine flow (Abrahams and
Pickford, 1957), but there does not appear to have been
any investigation into the effect of NaCl loading on this
phenomenon. It was of interest to observe that oxytocin
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caused an increase in electrolyte excretion during a
water diuresis in a dog which was excreting large amounts
of NaCl as a result of a recent meal (Section II).
Although Anslow and Wesson (1955) found that NaCl loading
did not alter the response to oxytocin during a water
diuresis, the following experiments were undertaken in an
attempt to explain the large increase in electrolyte
excretion caused by oxytocin in this one case where the
dog had been accidentally fed.
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METHODS
The plan of the experiment was as already described
in Section II, except that the morning dose of water
contained a measured quantity of the salt under invest¬
igation. The dose of NaCl administered in early experim¬
ents was set at 1.5 gm, which was thought to be a
reasonable estimate of the quantity of NaCl in the usual
meal* This dose contains mEq of Ma. All subsequent
doses of salts were calculated to contain the same
number of equivalents of the electrolyte under investig¬
ation. In some experiments larger or smaller doses were
administered to demonstrate the effect of altering the
electrolyte load.
In one experiment when the dog was on a diet of low-
electrolyte content, the usual dose of NallCO^ was
accompanied by a small dose of KHCOg (O.S gm). This K
salt was administered to prevent the development of a
K deficiency which might alter the renal response to
vasopressin by causing degenerative lesions in the tubules.
(Hollander, Winters and Williams, 1056j Oliver et al,
1057).
In one series of experiments an acidosis was produced
by the inhibition of urinary carbonic anhydrase by a
single oral dose of 100 rag Biaraox 30 hrs before the
induction of water diuresis (Hanley and Platts 1056).
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RESULTS
(I) Experiments conducted after NaCl loading,
(a) Vasopressin administered daring a water diuresis.
In nine experiments on four dogs the usual antidiuretic
dose of vasopressin was administered during a water
diuresis in the afternoon following a morning dose of NaCl.
The resultant antidiuresis was not as great as that
produced by vasopressin during a simple water diuresis.
In four of the experiments the reduction in urine flow
was slight. In four others the urine flow fell to below
1 ml/rain for one sample only (Fig 18), In the remaining
experiment the vasopressin was administered by continuous
infusion and there was an obvious antidiuresis for the
duration of the infusion.
The frequency and type of response of the individual
electrolytes is listed in Table XVII.
Table XVII
Na K CI
-f— 0 — -f— 0 —— -V" o —
414 702 522
4- Increased excretion. 0 No change,
— Decreased excretion.
The increase in electrolyte excretion,when seen,was
usually of short duration, the downward trend in electro¬
lyte excretion being resumed within 40 rain. The magnitude
of the increase in Na and K excretion was usually small
(about 10^), but the increase in CI excretion tended to
20 4 O 60 SO IOO I20 140
Minutes
Fig, 18 B.Cl 6,6,57 Water diuresis in a normal dog,
3gm NaCl administered with the morning water load,
300 ml water at 0 time, 2mU Pitressin administered i.v,
at 45 rain (arrow).
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be greater, an increase of 100J& being observed on two
occasions. However, because of the initial high rates
of electrolyte excretion in these experiments, small
percentage increases resulted in substantial absolute
changes in electrolyte excretion.
The tendency for the electrolyte excretion to
increase was not apparently related to the degree of
antidiuresis produced, although the largest percentage
increase in electrolyte excretion and the greatest anti-
diuresis were both seen in the experiment where the
vasopressin was given by infusion.
(b) Oxytocin administered during a water diuresis.
In 11 experiments on three dogs oxytocin was administered
during a water diuresis on the afternoon following a
morning dose of NaCl.
There was a variable slight decrease in the urine
flow in all experiments. The frequency and kind of




0 — H— 0 — 0 —
722 425 5 2 4
The magnitude of the increase in electrolyte
excretion (Na, K, and Cl) was extremely variable, but did
not exceed 30^' (Fig 19). It could not be related to the
degree of antidiuresis produced. Neither the absolute
nor the relative increase in electrolyte excretion could
20 40 60 ao IOO 120 140
Minutes
Fig» 19 P 17.3,58 Water diuresis in a normal dog,
2gm NaCl administered with the morning water load, 300 ml
water at 0 time. 150mU oxytocin administered i,v« at 51
min (arrow).
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be correlated with the levels of electrolyte excretion
at the beginning of the experiment.
The duration of the increases was also variable. In
two experiments the increase persisted for more than 55
rain, but in the remaining experiments the increase had
ceased within 30 min.
(c) Oxytocin administered during the non diuretic
state. In two experiments on two different dogs oxytocin
was administered during the observation of the resting
flow on an afternoon following a morning dose of NaCl.
On one occasion a single injection of oxytocin caused a
transitory decrease in urine flow rate with no net
increase in electrolyte excretion.
In the second experiment the oxytocin was administ¬
ered by continuous slow infusion lasting 20 rain. This
resulted in an obvious inhibition of urine flow associ¬
ated with an increase in electrolyte excretion which was
maintained for 73 rain (Fig 20).
(II) Experiments conducted after NaliCO^ loading.
(a) Vasopressin administered during a water diuresis.
In 11 experiments on four dogs the usual antidiuretic
dose of arginine vasopressin or Pitressin was administered
during a water diuresis on the afternoon following a
morning dose of NaHCO^. The usual degree of antidiuresis
was produced, but the increase in electrolyte excretion
was in most cases quite small, exceeding 25^ on only one
occasion. In all cases the increased electrolyte excretion
Fig, 20. S 7,10,58 Non diuretic urine flow in a normal
dog, 1,5gia NaCl administered with the morning water load,
40taU oxytocin administered i,v, at 40 min, followed by
an infusion of 2mU/min for 20 min.
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had subsided within 40 min.
Table XIX lists the frequency and type of response
of the individual electrolytes.
Table XIX
Na K CI
•4- 0 — -4- 0 — -4-0 —
7 3 1 60 5 1100
(b) Oxytocin administered during a water diuresis.
In four experiments on two dogs oxytocin was administered
during a water diuresis on the afternoon following a
morning dose of NallCOg. In every case there was a slight
inhibition of urine flow. Table XX lists the frequency
and type of response of the individual electrolytes.
Table XX
Na K CI
4- 0 — -4— 0 —— 4* 0 —
220 400 202
In only one case (Fig 21) was the increase much
more than a transitory inhibition of the fundamental
downward trend in electrolyte excretion.
(ill) Experiments conducted after sodium citrate loading.
In one experiment the usual antidiuretic dose of
l'itressin was administered during a water diuresis on
the afternoon following a morning dose of sodium citrate.
There was a normal antidiuresis. The excretion rates of
Na and K were unaltered, but the excretion of CI was
20 4 O 60 80 IOO 120 140
Minutes
Fig. 21. R.C1 27.9,57 Water diuresis in a normal dog
2.15gm NallCO.j administered with the morning water load
300 ml water at 0 time. 150mU oxytocin administered i.
at 50 tain (arrow).
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increased by 50^ for the next 48 rain. (Fig 22).
(IV) Experiments conducted after Na^SO loading.
In one experiment the usual antidiuretic dose of
Pitressin was administered during a water diuresis on
the afternoon following a morning dose of No^SO^, There
was a normal antidiuresis, and the excretion of Nn, K,
and CI was elevated for the next 45 rain. (Fig 23),
(V) Experiments conducted after KC1 loading.
(a) Vasopressin administered during a water diuresis.
In two experiments on two clogs erginine vasopressin or
Pitressin was administered during a water diuresis on the
afternoon following a morning dose of KC1. In both exper¬
iments the usual amount of antidiuresis was produced. On
both occasions the excretion of Na and El was increased,
but in only one case was the excretion of K increased.
(Fig 24).
(b) Oxytocin administered during a water diuresis.
In four experiments on three dogs oxytocin was adminis¬
tered during a water diuresis on the afternoon following
a morning dose of KC1, There was a mild inhibition of
urine flow in all experiments, but there was no increase
in the excretion rate of any electrolyte.
(c) Oxytocin administered during the non diuretic
state. In one experiment oxytocin was administered
during observation of the resting rate on the afternoon
following a morning dose of KC1, In this experiment the
Minutes
Fig* 22, S 25*4,58 Water diuresis in a normal dog,
2,5gm Na citrate administered with the morning water load*
250ml water at 0 time, 2mU Fitressin administered i*w*
at 61 min (arrow)*
Minutes
Fig, 23, S 28,4,58 Water diuresis in a normal dog,
l,83gm NagSO^ administered with the morning water load,
250ml water at 0 time, 2mU Pitressin administered i.v,
at 57 rain (arrow).
20 4 O 60 80 IOO 120 140
Minutes
Fig, 24, P 7,3,58 Water diuresis in a normal dog,
2,5gm KC1 administered with the morning water load,
300 ml water at 0 time. 4mU Pitressin administered i,w,
at 48 min (arrow).
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resting flow was somewhat higher than usual* Oxytocin
caused a decrease in the urine flow with an increase in
the excretion of electrolytes, especially K. (Fig 25).
(VI) Experiments conducted after KHCQ» loading.
(a) Pitressin administered during a water diuresis.
In three experiments on two dogs the usual antidiuretic
dose of Pitressin was administered during a water diuresis
on the afternoon following a morning dose of KHC0„« In
o
two of the experiments the diuresis reached unusually
high levels, and in these cases Pitressin caused only a
moderate inhibition of urine flow. In one experiment
where the diuresis was no greater than usual Pitressin
caused a normal antidiuresis. In all three experiments
there was an increase in electrolyte excretion, and in
two cases the increase in K excretion was of unusually
large proportions (over 50$). (Fig 26). The increase in
Na and CI excretion in all cases was greater than 100$,
but this had subsided within 40 min.
(b) Oxytocin administered during a water diuresis.
On one occasion oxytocin was administered during a water
diuresis on the afternoon following a morning dose of
KIICO,,. There was a mild inhibition of urine flow. The
U
excretion of electrolytes was unaltered except that,for
about 30 min,the fundamental tendency for Na excretion
to diminish was absent.
20 40 60 60 IOO 120 140
Minutes
Fig, 25, S 10,10,58 Non diuretic urine flow in a normal
dog, 1.9 gm KC1 administered with the morning water load.
40mU oxytocin administered i.v. at 57 min, followed by an
infusion of 2mU/min for 16 min.
20 40 60 SO IOO 120 140
Minutes
Fig, 26. P 13,3,58 Water diuresis in a normal dog.
3,35gm KHC03 administered with the morning water load.
300 ml water at 0 time. 4mU Pitressin administered i.v,
at 50 min (arrow). Note the large increase in K excretion.
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(VII) Experiments conducted after combined NaHCO^ and
KHCO.j loading.
In four experiments on one dog the usual antidiuretic
dose of Pitressin was administered during a water diuresis
on the afternoon following a morning dose of 1.5 gra
NaHC0,} and 0.5 gm KIIC0r,. In all cases there was a normal
antidiuresis. The frequency and kind of response of the




In all experiments there was an obvious increase in
CI excretion. In three experiments there was an increase
in Na excretion of about iiOfi and a smaller increase in
K excretion (Fig 28). The increases lasted about 40 min.
During these experiments this dog was on a diet poor in
electrolytes.
(VIII) Experiments conducted after K citrate loading.
In two experiments on one dog the usual antidiuretic
dose of Pitressin was administered during a water diuresis
on the afternoon following a morning dose of K citrate.
In both cases a normal antidiuresis was produced. In one
experiment there was no alteration in electrolyte
excretion, In the other experiment there was an increase
in Na and CI excretion while the excretion of K continued
to decrease. (Fig 27),
Table XXI
K CI
0 — -+- 0 —
20 40 to to IOO 120 140
Minutes
Fig, 27, S 30,4,58 Water diuresis in a normal dog,
2,77gm K citrate administered with the morning water load.
250 ml water at 0 time, 2mU Fitressin administered i,v.
at 56 min (arrow).
20 4O 60 80 IOO 120 MO
Minutes
Fig* 28. J 12*11.58 Water diuresis in a normal dog*
1*5 gm NaHCG^ and 0*5 gm KIICO^ administered vith the
morning water load* 300 ml water at 0 time* 3mU Pitressin
administered i.v* at 51 min (arrow)*
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(IX) Experiments conducted after Nil^C1 loading.
(a) Vasopressin administered during a water diuresis.
In twelve experiments on four dogs the usual antidiuretic
dose of arginine vasopressin or Pitressin was administered
during a water diuresis on the afternoon following a
morning dose of 1.4 gm NIl^Cl, On all occasions there was
a brisk antidiuretic response. There was always an
increase in CI excretion which was usually of the magnit¬
ude of 50^ to 100/&. Except in one case where the increase
in CI excretion was small,there was also an increase in
Na and K excretion of the order of 50ft (Fig 29). These
increases lasted about 35 min which corresponded roughly
with the duration of antidiuresis,
During six of these experiments the animal (Jill)
was on a diet poor in electrolytes. The results were the
same as obtained from animals on a normal diet,
(b) Oxytocin administered during a water diuresis.
In six experiments on three dogs oxytocin was administered
during a water diuresis on the afternoon following a
morning dose of 1.4 gm Nil.CI. There was a slight inhib-
4
ition of urine flow in all cases. Table XXII lists the
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The percentage increases in electrolytes were small
Fig. 29# P 5.3,58 Water diuresis in a normal dog.
1,83 gm NII^Cl administered with the morning water load
300 ml water at 0 time. 4mU Pitressin administered i.v
at 55 min (arrow).
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(Fig 30) but on one occasion when the excretion began at
very low levels the percentage increase in Na excretion
was approximately 100$. The increased electrolyte
excretion was maintained for about 40 min,
(X) Experiments conducted after (NH^nSO^, loading.
In one experiment the usual antidiuretic dose of
Pitressin was administered during a water diuresis on the
afternoon following a morning dose of 1,8 gm (NH^)^SO^.
There was a normal antidiuresis accompanied by a brisk
increase in the excretion rates of all three electrolytes.
(Fig 31).
(XI) Experiments conducted after NII^HCOg loading.
In one experiment the usual antidiuretic dose of
Pitressin was administered during a water diuresis on the
afternoon following a morning dose of 1.7 gra NH^HCOg.
There was a normal antidiuresis. The excretion of Na, K
and CI was increased (Fig 38).
(XII) Experiments conducted during recovery from Piaiaox,
In four experiments on one dog a water diuresis was
induced 30 hours after a dose of Pi&mox. In all cases the
excretion of CI was elevated and the excretion of Na and
K decreased. The urine was of low pH, An injection of
vasopressin caused a prompt antidiuresis with an increase
in the excretion of Na, K and CI in all cases. The
increases in electrolyte excretion were of the order of
50$ to 100$ and lasted 30 to 40 min (Fig 33).
20 4 O 60 0O IOO I20 140
Minutes
Fig. 30. B.CL 10.10.57 Water diuresis in a normal dog.
2,74 gm NH CI administered with the morning water load.
300 ml water at 0 time. 150mU oxytocin administered i.v.
at 50 min (arrow).
20 4 0 60 ao IOO 120 140
Minutes
Fig* 31. S 29,4*58 Water diuresis in a normal dog.
1,7 gm (NH^)gS04 administered with the morning water load.
250 ml water at 0 time. 2inU Pitressin administered i.v.
at 56 min (arrow).
Fig, 32, P 14,3,58 Water diuresis in a normal dog.
2,65 gin Ni^HCO^ administered with the morning water load,
300 ml water at 0 time. 4mU Pitressin administered i.v,
at 49 min (arrow).
20 4O 60 ao IOO 120 140
Minutes
Fig, 33, J 28,11,58 Water diuresis in a normal dog,
lOOmg Piamox administered 30 hours before the experiment
began, 250 ml water at 0 time, 3iaU Pitressin administered
i,v» at 52 min (arrow).
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DISCUSSION
The experiments conducted during a water diuresis
superimposed on NaCl loading yielded results which were
not in full accord with those of Anslow and Wesson (1955),
although the levels of electrolyte excretion in these
experiments lay well within the same limits as those
investigated by these workers. The electrolyte response
to vasopressin was more variable than during a simple
water diuresis, and the increases in electrolyte excretion
were of much smaller proportions than those produced by
vasopressin during the excretion of a simple water load.
Another unexpected finding was that after NaCl loading
vasopressin caused an increase in K excretion more con¬
sistently than it caused an increase in Na excretion,
A possible explanation of the reduced electrolyte
response to vasopressin during NaCl loading is that under
these circumstances the animal may be undergoing a mild
osmotic diuresis. The increased NaCl content of the body
fluids could possibly give rise to the liberation of
endogenous vasopressin (Verney, 1947), but provided the
solute load was large enough, this vasopressin would not
cause an obvious decrease in urine flow (Smith, 1956),
During a simple water diuresis without prior NaCl loading
the endogenous vasopressin could be expected to be
minimal. Since the response to vasopressin is proportional
to the log of the dose (Dicker, 1953), a much larger dose
will be required to produce a measurable effect in the
bre.s>er\te. of endogenous vasopressin. This argument is
supported by the findings that the antidiuretic response
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to vasopressin (as well as the electrolyte response) was
diminished when NaCl was administered before the water
loading.
If the above argument is accepted, it will be agreed
that the level of endogenous vasopressin circulating
during a water diuresis following NaCl loading will
produce a hormonal state similar to that attaining during
the observations made on hhe non diuretic state reported
in Section II. It has been claimed that it is this small
quantity of circulating endogenous vasopressin which
endows oxytocin with its electrolyte excreting properties
during the non diuretic state (Brooks and Pickford, 1958).
Therefore it is reasonable to expect oxytocin to increase
electrolyte excretion during a water diuresis after NaCl
loading. This effect did in fact occur more frequently
and to a slightly greater degree than during a simple
water diuresis, but on no occasion was the increase as
great as seen in the one observation made after the
accidental morning feeding. The difference between the
experimental and accidental situations may be merely a
difference in the size of the load of NaCl. However,
although the initial excretion of Na and CI was high in
those experiments where oxytocin caused an increase in
electrolyte output, no closer correlation could be
established between the initial level of electrolyte
excretion and the degree of response to oxytocin. It
would be of interest to repeat the experiments under
conditions of more widely varying NaCl loads.
This altered electrolyte response to the administr-
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ation of oxytocin during a water diuresis after NaCl
loading is apparently due to some specific effect of N&C1.
The same response could not be evoked by loading with
NaHCOa, NH4C1, KC1, or KITCO^.
Subsequent experiments were designed to show whether
the altered response to vasopressin could be produced by
loading with either Na or CI in the absence of the other.
A dose of NallCOy was administered to provide a Na load
without added CI. When vasopressin was administered
during a subsequent water diuresis,the increase in
electrolyte excretion was found to be of smaller propor¬
tions than that caused by the same dose of vasopressin
during a simple water diuresis, (Because of the initial
high levels of electrolyte excretion in these experiments
however, the absolute increase in electrolyte excretion
produced by vasopressin might be larger than the absolute
increase produced during a simple water diuresis.) This
is in agreement with the findings of Jacobson and Kellogg
(1956) who found that vasopressin did not exhibit its
naturetic effect after NaHCO^ loading.
An unexpected finding was that even after NaHCOg
loading, when the initial excretion of Na was high and
the initial excretion of CI low, vasopressin more
frequently caused a chloruresis than a naturesis. This
increase in CI excretion was frequently of greater
magnitude (in absolute quantities) than the increase in
Na excretion. The predominance of the CI response was
also seen after loading with sodium citrate and NagSO^.
It is probable that only some of the Naf,S04 was absorbed
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from the gut, but the occurrence of a normal response to
vasopressin in this experiment does suggest that the
occasional altered responses seen after NaCl or NaHCO^
loading are not due to alteration in distribution of
body water as a result of unabsorbed salts in the gut.
When CI ion was given free of Na in the form of
NJf^Cl and vasopressin was administered during a subsequent
water diuresis, there resulted a prompt antidiuresis
accompanied by an increase in electrolyte excretion of
similar proportions to that produced by vasopressin
during a simple water diuresis. Because of the higher
initial levels of electrolyte excretion after NII^Cl
loading, these increases were greater (in absolute terras)
than normal. The absolute increase in CI excretion always
exceeded the absolute increase in Na and K excretions
combined,
The above findings suggested that the increase in
electrolyte excretion produced by vasopressin could be
augmented by loading with free CI ion, but not as Anslow
and Wesson (1955) stated, by loading with NaCl. In this
series of experiments the presence of Na appeared to
reverse the effect of CI loading. There is some evidence
in the above findings that vasopressin may act to increase
CI excretion specifically, for irrespective of the nature
of the loading salt, the absolute increase in CI excretion
was usually more than was necessary to balance the
increases in Na and K.
A weakness in the above experiments is that in most
cases the extent of the load of the various electrolytes
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imposed upon the kidney by the diet was unknown. During
simple water diuresis experiments in these dogs,the level
of CI excretion at the beginning of the experiment
frequently exceeded the combined excretion of Na and K,
The urine was usually acid. These findings suggest that
the normal diet may have presented a constant excessive
load of CI unbalanced by Na and K.
It had been found by previous experience that when
dogs were fed a diet of "Red Heart" dog food and bread,
the urine contained very low concentrations of Ne, K and
Cl» This diet was therefore fed to a dog during experi¬
ments where a low electrolyte intake was desired. When
NH^Cl was administered to this dog, the response to
vasopressin during a subsequent water diuresis consisted
of a brisk antidiuresis accompanied by an increase in the
excretion of Na, K and CI. The largest percentage increase
was of the CI, which usually increased by 50^ to 100^,
and because the absolute excretion of CI exceeded the
absolute excretion of Na and K throughout these experi¬
ments, the absolute increase in CI excretion produced by
vasopressin exceeded that of Na and K. When the animal
on a low electrolyte diet was loaded with NaHC0rj the basal
excretion of Na was above the basal excretion of CI.
During a subsequent water diuresis under these conditions
vasopressin produced only a small percentage increase in
Na, K and CI excretion, but although there was always an
increase in CI excretion, this increase when expressed as
an absolute quantity was less than the combined increase
in Na and K.
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The above finding that vasopressin causes a larger
general increase in electrolyte excretion after Nil CI
loading than after loading with NallCO,, suggests that
vasopressin may act to increase the excretion of CI
specifically, and that after NaITC0.} loading the response
is limited by the availability of CI. Such a simple
explanation is not, however, acceptable for it has been
demonstrated that vasopressin can cause an increase in
Na and K considerably in excess of what would be required
to balance the simultaneous increase in CI excretion.
This last point will be discussed in Section IV, where
further evidence is presented that the overall electro¬
lyte response to vasopressin is not determined by the
increase produced in CI excretion.
The occurrence of a brisk nntidiuresis and electro¬
lyte response to vasopressin after NH^Cl loading but not
after loading with NaCl or NallCO,, suggests that loading
with the CI ion has some specific effect in augmenting
the response to vasopressin. Caution is however necessary
since in all these experiments the CI was administered
as NH^Cl, and it is possible that the effect was due to
the NH^ ion. Although no studies into the effect of Nil ^
loading were undertaken with animals on low electrolyte
feeding, the effect of loading with the^carbonate and
sulphate of ammonia had previously been studied in dogs
on the normal diet. In these animals vasopressin was
found to cause an increase in the excretion of Na, K and
CI which was of the same magnitude as the increase
produced by vasopressin in the same animals during a
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simple water diuresis. Probably, therefore, the NH ion
has no specific effect in augmenting the response to
vasopressin.
Then again, changes attributed to CI loading may be
due to altered pH, for NH^Cl produces a systemic acidosis
and an acid urine. In consideration of this, attention
was directed to methods whereby an acid urine could be
produced without CI loading. In several experiments the
excretion of H was prevented for several hours by the
inhibition of carbonic cnhydrase. This ^resulted in a
considerable loss of base in the urine, and this in turn
led to a state of acidosis, which (when the action of the
enzyme inhibitor ceased) was compensated for by the
elaboration of an intensely acid urine (ilanley and Platts
1956), This phase lasted for several days after the
cessation of carbonic anhydrase inhibition, and during
this time the excretion of Na and K was minimal and the
excretion of CI normal. When vasopressin was administered
during a water diuresis in this post Piamox state,the
electrolyte and antidiuretic responses were again found
to be brisk. Increases in the excretion of all electro¬
lytes were between 50$ and 100^, and although in the
cases of Na and K this represented only small absolute
increases (because the initial excretion rate of base was
low), the increase in CI excretion usually amounted to
about 20 uEq/min. (Fig 33), This suggests that the brisk
response to vasopressin after NH^Cl loading may be due
to the acidosis produced rather than to any specific
action of CI,
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The alteration in the excretion of K produced by
vasopressin was next considered. Anslow and Wesson (1955)
expressed the opinion that vasopressin increased the
excretion of K indirectly through its action on Na
excretion, i.e. vasopressin caused an increased quantity
of Na to be present in the distal tubular fluid and some
of this Na is exchanged for K, Ali (1958) adopted the
view that vasopressin exerted a direct influence on K
excretion, and he presented some evidence that arginine
vasopressin was less active towards K than was lysine
vasopressin.
In this present study the response of K excretion
to vasopressin was extremely variable, whether a comm¬
ercial extract or pure arginine vasopressin was used.
However, in most experiments the excretion of K began at
levels less than 20 uEq/min and subsequently decreased
as the diuresis proceeded. Under these conditions even a
large percentage increase in K excretion would not produce
a large absolute increase in K excretion. In several
experiments where the K excretion began at higher levels,
vasopressin did produce a substantial increase in K
output, but just as frequently under similar circumstances
vasopressin did not cause any increase in K excretion.
In this context attempts were made to increase K
excretion by loading with K.C1, KHCOg and K citrate.
Administration of all these salts resulted in an increased
K excretion and a depressed Na excretion. During subse¬
quent water diuresiB vasopressin was seen to produce
large increases in K excretion on several occasions, but
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there were just as many cases where vasopressin did not
increase K excretion although the excretion of Na and CI
was increased*
In one of two experiments where KC1 was administered
the increase in K excretion after vasopressin was from
67,5 uEq/min to 81*5 uEq/min, which was a larger absolute
increase but a smaller percentage increase than the
simultaneous increase in Na output from 11.8 uEq/min to
20.5 uEq/min, In a second experiment after KC1 loading
vasopressin merely caused an inhibition of the fundamental
decline in K excretion, although the output of both Na
and CI increased by 20^. Similar results were obtained
in two of the three experiments conducted after NallCO
O
loading. Here a larger absolute (but a smaller percentage)
increase w«s caused in K excretion than in Na excretion.
In a third experiment IC excretion was not increased
although Na and CI excretion was increased. In this case
the K output was decreasing so rapidly during the rising
phase of the diuresis that anything other than a large
increase in K excretion would have been difficult to
demonstrate. This rapid fall in K excretion in the early
stages of the diuresis probably explains why no increase
in K excretion was detected in the K citrate loading
experiments.
The only concrete fact emerging from the above
experiments on K is that occasionally, under not very
well defined circumstances, vasopressin may cause an
increase in K excretion which is larger than the simul¬
taneous increase in Na excretion. The increase in K
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excretion was least constant and often of small dimensions
after NaHCOy loading. The most consistent increases in K
excretion were seen when vasopressin was administered
after NH CI loading and during a post Biamox acidosis,4
In both situations the increases were usually about 50f»
The K excretion in these experiments was, however, very
low, and the measurement of urinary K may have lost some
of its accuracy at these levels. Therefore not too much
significance should be placed upon these percentage
increases. These larger percentage increases in K excretion
after NH^Cl may merely be part of the general effect
already described wherein both the antidiuretic and
electrolyte excreting effects of vasopressin are enhanced
by NH^Cl loading or post Diamox acidosis. However, a
specific effect of urinary (or blood) pll may be in oper¬
ation under these circumstances to alter the excretion
of K.
There is good evidence that all urinary K may be the
result of distal tubular secretion (Pitts, Gurd, Kessler
and Hierholzer, 1958) and that its delivery into the
tubule may be in competition with the delivery of H.
(Berliner, Kennedy and Orloff, 1954). Thus the excretion
of K depends not only on the K load, but also on the
activity of the pH regulating mechanisms. It is probable
that in the above experiments where vasopressin produced
different responses in K excretion under apparently
identical conditions of K loading, the variable responses
may have been due to factors involved in the regulation
of pH.
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The results obtained from this section suggest that
vasopressin acts to increase the excretion of Na and CI
and that any increase in K excretion is secondary,
resulting in an exchange of some of the extra Na passing
through the distal convoluted tubule for K. This exchange
proceeds only when conditions are favourable for the
excretion of K and the conservation of Na,
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SECTION IV
EFFECT OF VASOPRESSIN ON ACIP BASE EXCRETION
INTRODUCTION
When administered during a water diuresis vasopressin
causes an increase in electrolyte excretion (Section II).
In Section III the effect of previously loading the test
animal with various electrolytes was studied. When NaHCOg
was administered, the initial excretion of Na and K
(expressed as jiEq/min) could be made to exceed the
initial excretion of CI, but even under these circum¬
stances it was rare for vasopressin to cause an increase
in Na and K which exceeded the CI increase, unless the
dog had previously been deprived of CI.
As has been pointed out, the prominent part usually
played by CI in any increase in electrolyte excretion
after a dose of vasopressin, suggests that vasopressin
may exert a direct action upon CI excretion and that
changes in the excretion of other electrolytes may be
secondary to changes in CI (Karvonen, Leppanen and
Pitkanen, 1953). Experiments were therefore planned to
test this hypothesis by attempting to produce increases
in Na and K excretion without equivalent increases in
CI excretion and vice versa, and to see whether, and to
what extent, the excretion of other electrolytes was
increased to maintain ionic equilibrium.
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MET110PS
The experiments were all based on the general plan
described in Section II. Most of the experiments were
carried out on one dog which was fed n diet of bread
and canned dog food which experience showed was poor in
Nat K and CI.
In those experiments where it was desired to begin
with the excretion of Na considerably above the excretion
of CI, 1.5 gm NaHCO.^ and 0.5 gm KIICO^ were added to the
dog's food daily for at least two days before the exper¬
iment. On the day of the experiment 1.5 gm NaHC0,? was
administered with the morning dose of water. This proce¬
dure always caused the urinary pll to be above 6.5 (and
usually above pll 7,0) The dog was assumed to be in a
state of metabolic alkalosis.
To produce an acid urine a dose of 1.4 gsi NH^Cl was
administered daily with the food for at least two days
before the experiment, and again with the morning dose of
water on the day of the experiment. The urine under these
conditions always had a pll of less than 6.5 and was
usually at pll 5.0. The dog was assumed to be in a state
of metabolic acidosis. In four cases acidosis was pro¬
duced by the administration of a dose of lOOmg Piamox
30 hrs before the experiment. This lowered the urinary
pH to 4,5,
The comparison between the increases in excretion
of CI and base was made by plotting the rates of excre¬
tion of the electrolytes (in JuEq/iain) against the tinse
in minutes from the administration of the water load.
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For simplicity the excretion rates of Na and K were added
together# In Section I it was stated that during a water
diuresis, the rate of excretion of any electrolyte in the
30 min period following the peak of diuresis could con¬
fidently be expected to be below the excretion rate at
the peak of diuresis. If electrolyte excretion rates
were plotted against time after hydration, a line joining
the excretion rate at 50 min (the average peak of diuresis)
to the rate at 80 min would lie below all intervening
points on the graph. (Line AB Fig l). Thus points on line
AB may be used as estimates of the maximum rate of
electrolyte excretion to be expected between times 50 rain
and 80 min after water loading#
When vasopressin is administered,the excretion rate
of electrolytes increases above this predicted level, and
when the results are plotted graphically the area of the
curve above line AB provides a measure (in uKq) of the
increase in electrolyte excretion# The increase in CI
excretion may then be readily compared with the increase
in excretion of Na and K# For convenience the change in
CI was always expressed as a percentage of the change in
Na plus K,
In practice it was found that after a dose of vaso¬
pressin the excretion of electrolytes was frequently still
elevated at 80 min. At some time later (90 or 100 min),
the electrolyte excretion suddenly fell and then proceeded
at the CrtdI
on its gradual downward course# This pointAof sudden
decrease in electrolyte output was taken as point B on
line AB (Fig 34 and Fig 35),
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The excretion rates of Nfl^, titratable acidity, and
total PO^ and changes in urinary pK were all measured
using methods described in Section I,
20 4 O 60 SO IOO 120 140
Minutes
Fig, 34. J 25,11,58 Water diuresis in a normal dog,
1,4 gB) N^Cl administered with the morning water load,
300 ml water at 0 time, 3mU Pitressin administered i,v,
at 00 rain (arrow). For Na+K net area above line AB=433,
For CI net area above All =612, Therefore increase in CI
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Minutes
Fig, 35, J 24,11,58 Water diuresis in a normal dog,
1,5 gns NaHCO^ and 0,5 gia KHCOg administered with the
morning water load, 250 ral water at 0 time. 3mU Pitressin
administered i,v» at 52 min (arrow). For Na^-K net area
above line AB = 226. For CI net area above AB=90,
Therefore increase in CI excretion amounts to 42,5% of
increase in Na-f-K excretion, (See text).
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RESULTS
(l) The effect of urinary pH on the response to vasopressin.
In 14 experiments the usual antidiuretic dose of
vasopressin was administered during a water diuresis
superimposed on disturbances of acid base balance* A
detailed comparison between the increase in Cl excretion
and the increase in Na plus K excretion was made* Seven
of the experiments were carried out during NaHCO.j
alkalosis* Three experiments were during an acidosis
resulting from NR^Cl administration and three were during
a post Piamox acidosis.
In all the above experiments an antidiuretic dose of
vasopressin caused an increase in the excretion rates of
both Cl and base. After NaHCO... administration the increase
in Cl excretion was found to average only 67.2$ (± 23.4f)
of the corresponding increase in Na plus K excretion.
(Fig 35). In the experiments conducted during acidosis
the increase in Cl amounted to an average of 150^
(dr23.8^) of the increase in Na plus K excretion (Fig 34).
These findings are highly significant (t=6.85).
Thus vasopressin has been illustrated to be able to
increase the excretion of Na plus K without causing an
equivalent increase in Cl excretion. An increase in Cl
excretion is frequently seen without an equivalent
increase in Na plus K excretion. These findings suggest
that vasopressin must bring about, though not necessarily
be the cause of, an increase in the excretion of other
electrolytes in order to maintain ionic equilibrium.
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(II) Effect of vasopressin on urinary pll.
In crude experiments where the urine was collected
in an open measuring cylinder and the pll measured by
indicator at the end of each 10 tnin collecting period,
the findings suggested that vasopressin caused an acid
urine to become more acid and an alkaline urine to
increase its pll still further. The critical pH at which
the direction of the response changed was about pf! 6.5.
These findings were confirmed by experiments where
the urine was collected under oil, and the pH measured
by a glass electrode pll meter. In two cases when the
dog had been loaded with NIl^Cl, vasopressin decreased
the pll from 5,8 to 5,5 and from 6.3 to 5.8 respectively.
In two experiments after NallCOg loading vasopressin
increased the pH from 6,9 to 7.0 and from 8,5 to 7,1,
(ill) Effect of vasopressin on urinary titratable acidity.
The effect of vasopressin administered during a
water diuresis on the excretion of titratable acid was
measured in eight experiments. In five cases the dog was
acidotic and in three experiments the dog was alkalotic.
During the acidosis the excretion of acid was about
twice that seen during alkalosis.
During the acidosis vasopressin caused acid excretion
to be increased by 15% on one occasion, to be unaltered
in two experiments, and to decrease by 10% and 19% in
two other cases. In all these experiments vasopressin
caused an increase in the excretion of CI.
During alkalosis vasopressin caused acid excretion
to decrease by 76%, 74%, and 67%. In all three of these
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experiments vasopressin caused an increase in the
excretion of Na,K and CI.
(IV) Effect of vasopressin on the excretion of NH„,
In five experiments the effect of vasopressin on
the excretion of NH. was observed during a water diuresis.
Three of the experiments were conducted during an
acidosis and two during alkalosis.
During an alkalosis the excretion of Nil, was
O
initially lower (ll to 50 uEq/min) then during an
acidosis (40 to 126 uEq/min). The increase produced by
vasopressin appeared to bear no relationship to the
urinary pH. In two experiments during acidosis there
were increases of 30? and GO? in Nil excretion, but in
O
one acidosis experiment there was no increase in NII^
excretion. In the experiments conducted during alkalosis
there were increases §f 30? and 70? in NH^ excretion.
Because of the lower- initial rates of NH^ excretion in
these experiments the increases in NII^ excretion
expressed in absolute values were smaller than the
increases produced during the acidotic state. In all
these experiments there was a simultaneous increase in
the excretion of Na, K and CI.
(V) Effect of vasopressin on the excretion of total
phosphate.
The effect of vasopressin on the excretion of
phosphate was studied during water diuresis. In two
experiments the dog was alkalotic, and on one occasion
it was in a state of acidosis. The initial level of
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excretion of phosphate did not appear to be related to
the urinary pH.
In one experiment (during an acidosis) vasopressin
caused a 50% increase in phosphate excretion* In one
experiment during alkalosis vasopressin did not alter
phosphate excretion, but in one other experiment after
NaJICOg loading, vasopressin inhibited a rapid downward
trend in phosphate excretion for the period of the anti-
diuresis* In all these experiments vasopressin also
increased the excretion of Na, K and CI*
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DISCUSSION
The above findings illustrate that the increase in
electrolyte excretion produced by vasopressin is not
merely an increase in NaCl or KC1 excretion. Vasopressin
causes changes in CI output quite independently of
changes in Na and K, Evidence has also been presented
that under certain circumstances vasopressin can alter
the excretion of NHL, Ht and P0.»o' 4
These facts make it appear that the action of vaso¬
pressin is entirely nonspecific, and that as well as
removing water from the urine it causes an increase in
the excretion of many urinary solutes. Vasopressin does
not, however, increase the excretion of creatinine. In
the dog the excretion rate of endogenous creatinine
serves as an indirect measure of glomerular filtration
rate. Therefore it follows that vasopressin does not
alter G.F.R. and that any changes it causes in electro¬
lyte excretion are brought about by altered tubular
activity. In this respect the results agree with those of
previous workers. We are then left with the hypothesis
that vasopressin modifies the tubular handling of Na, K,
NH„, II, CI and PO., and probably alters the excretion of
u 4
other substances not yet investigated. Thus vasopressin
is attributed with a multiplicity of actions at a great
number of sites.
A far more compact concept is that vasopressin acts
to decrease the proximal resorption of NaCl (Shannon,
1942), This would cause an additional quantity of NaCl
to reach the distal convoluted tubule, but there is no
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reason to suppose that all this extra NaCl would reach
the urine unchanged. All NaCl in the distal tubule will
be subjected to the absorbtive, excretory and exchange
mechanisms taking place across the tubular wall.
There is evidence that a dilute urine is produced
by the reabsorption of solutes from the distal tubular
fluid against an osmotic gradient (Smith, 1956). This
implies that the distal tubule is capable of absorbing
NaCl as such without returning any other electrolyte
to the tubular fluid in place of the absorbed electro¬
lytes. Thus, if any of the extra NaCl appearing in the
distal tubule as a result of vasopressin activity were
subsequently to be reabsorbed by this process, nothing
would be left in the urine to show that this extra NaCl
had indeed ever been present in the distal tubular fluid.
This possibly explains why vasopressin produces only
small increases in electrolyte excretion in those
experiments where the excretion rates of electrolytes
began at low levels. Under such conditions the reabsorp¬
tion of NaCl would probably be very active, and little
of the increased NaCl presenting at the distal tubule
would escape into the urine, although what little did
escape would probably cause a large percentage increase
in the NaCl excretion. If the diet of the animal were
rich in NaCl the absorption of NaCl would not be so avid,
and more of the increase produced by vasopressin would
escape into the urine, although this might not cause a
very great percentage increase in total NaCl excretion.
Even after escaping the specific NaCl resorbing
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mechanisms the Na and CI would still be subjected to
exchange mechanisms determined by the pH and K require¬
ments prevailing at the time. Pitts, Gurd, Kessler and
Ilierholzer (1958) have demonstrated that the reabsorption
of Na and the excretion of K, NJI . and If are all related4
processes that take place in the distal tubule. Tubular
Na is thought to be exchanged for cellular H and K, The
accumulation of H in the tubular fluid lowers the pH and
Nil is attracted into the tubule where it is bound as
O
NII^ (Orloff and Berliner, 1956). There is evidence also
that PO^ is secreted by the distal tubule (Nicholson and
Sheperd, 1957), and that over the usual physiological
ranges of urinary pH, the pH regulating mechanisms are
mainly in the distal tubule (Nicholson, 1957), The site
of CI reabsorption has not been localized but there is
evidence that tubular CI can be replaced by IfCO^ (Hilton,
at od.
Capeci and Kiss,^ 1956). The reabsorbtion of CI may be in
competition with SO^ (Berglund and Lotspeich, 1956).
The above hypothesis of vasopressin's action may be
summarized by saying that any given dose of vasopressin
will always cause an increase in the amount of NaCl
reaching the distal tubule, Pepending on the electrolyte
requirements of the animal, some variable fraction of
this NaCl will be reabsorbed as such and the rest will
pass to more peripheral segments of the distal tubule,
where Na and CI will be differentially absorbed in
exchange for other ions. These last processes are
determined by the requirements of pH and Na-K balance
prevailing at the time.
87
During an acidosis vasopressin causes a larger
increase in the excretion of CI than in Na plus K. This
difference should be accountable for by an increase in
II excretion which may appear in the urine as an increase
in titratable acid, or may be bound in an increased
amount of urinary NH^, These changes in urinary NII^ have
been observed in this present study (p 82) although they
were not found by Brunner, Kusehinsky and Peters (1956).
During an alkalosis vasopressin causes a larger
increase in Na plus K excretion than in CI excretion
(p 80). This difference should be accountable for by an
increase in the excretion of some other anion which has
been exchanged for tubular CI. The most probable anion
to take on this role is HCOg, which has been shown to be
exchangeable with tubular CI (Hilton, Capeci and Kiss,
1956). The excretion of HCOg has also been shown to be
capable of modification to suit the requirements of
acid-base balance (llraleau and Gilman, 1953), Unfortun¬
ately no observations of HCOg excretion have been made
in this present study.
In actual fact several serious deviations from the
above ideal findings have been observed. The first was
the failure to observe an increase in Nil. excretion in
4
one experiment when the urine was intensely acid. This
may have been because the excretion of NII^ was already
maximal before the vasopressin was administered. Although
the binding of NII^ in the urine is determined entirely
by pH (Orloff and Berliner, 1956) the supply of NH^
depends upon the activity of glutaminase. Although the
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glutaminase activity coil be increased to suit the requir¬
ements of acid excretion, such changes develop slowly
over a period of days (Hector, Seldin and Copenhaver,
1955). In this case the dog had been acidotic for several
days as a result of previous Diamox administration. The
glutatainase activity should have been high, but during
this experiment the NH^ excretion was not as high as
had been recorded on previous occasions. This suggests
that NH^ excretion was not already maximal, and that it
should have been capable of increase*
The increases in NH^ excretion produced by vaso¬
pressin during an acidosis are larger than are required
to account for the difference between the increase in CI
excretion and the increase in Na plus K excretion.
Similar increases in Nil. excretion are also seen under
4
conditions of alkalosis where the increase in Na plus K
excretion is already larger than the increase in CI
excretion. The excretion of PO . is also increased in both
4
acidosis and alkalosis. These findings could be presented
as evidence in favour of an entirely nonspecific action
of vasopressin on the absorption or excretion of many
urinary constituents. If, however, the original
assumption that vasopressin acts to increase the amount
of NaCl in the distal tubule is valid, these findings
suggest that the exchange of Na for H and the exchange
of CI for other anions can proceed concurrently, leading
to a net conservation of NaCl*
The apparently excessive increase in NII^ excretion
in response to vasopressin could possibly be correlated
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with changes in the excretion of titratable acid. During
alkalosis vasopressin decreases the excretion of titratabl
acid, which suggests that more of the H which is usually-
free was bound with extra NHg, This suggests that vaso¬
pressin has a specific action upon the diffusion of NIfg
into the urine. The decrease in excretion of titratable
acid may, however, be an artifact. Although the excretion
of HgCOg in these experiments is probably not very great,
the concentration of in the urine will be increased
considerably during the period of aatidiuresis. This
H9C0.5 is in equilibrium with dissolved CO,,. Thus it is
possible that during the antidiuresis the concentration
of C0o in the urine could rise above the level of plasma
C0o, Brodsky, Miley, Eiaa and Shah (1958) have shown
that during the excretion of an acid load urinary COgS®***-*
rises above plasma levels even during a diuresis. When
the urine is concentrated five or ten times in anti-
diuresis, this increased C0t! level in the urine would
appear during the elaboration of less acid urines. Under
these conditions C0o would tend to diffuse from the urine
during its passage through the lower urinary tract. By
this means HoC0,, would be lost from the urine, leading to
a decrease in the excretion of titratable acid. Thus the
decrease in the excretion of titratable acid produced by
vasopressin may merely be a result of concentrating the
urine.
None of the above findings ore inconsistent with the
theory that the primary action of vasopressin on electro¬
lyte excretion is to increase the amount of NaCl being
*5
presented to the distal tubule, although the origin of
this extra NaCl is open to speculation.
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SECTION V
EFFECT OF DIAMOX ON THE RESPONSE TO
VASOPRESSIN AND OXYTOCIN
INTRODUCTION
There is considerable evidence that the changes in
electrolyte excretion produced by posterior pituitary
extracts may be modified by the administration of large
NaCl loads. This topic has been fully discussed in
Section III. The results from these present studies failed
to confirm the observations of Anslow and Wesson (1955)
that NaCl loading magnified the naturetic effect of vaso¬
pressin. It was found however that the largest percentage
increases in electrolyte excretion were seen when the
excretion rates began at low levels. The greatest
absolute increases in electrolyte output were seen when
the spontaneous electrolyte excretion rate was high at
the beginning of the experiment. Under conditions where
the electrolyte excretion was high at the beginning of
a diuresis oxytocin occasionally increased the electrolyte
excretion still further, although when electrolyte
excretion was low oxytocin caused an increased output
only during the non diuretic state.
All the methods used to raise electrolyte excretion
involved increasing the blood level of the electrolyte
under consideration. When these experimental procedures
failed to produce results similar to those obtained
when electrolyte excretion was spontaneously high, some
consideration was given to producing an increased
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urinary concentration of electrolyte without
increasing the blood level. By this means it was hoped
to distinguish between the roles of urinary electrolyte
concentration and serum electrolyte concentration in
determining the response to vasopressin.
The urinary concentrations of Na and K were increasec
by the administration of acetazolaraide (Piaraox). This
substance inhibits the activity of carbonic anhydrase,
and in the kidney this results in a decreased elaboration
of H ion. This H usually plays an important part in the
conservation of Na. It is postulated that there is, in
the wall of the distal tubule, a H^Na exchange system
which removes Na from the tubular fluid. In the absence
of a rich source of H some of the tubular Na is replaced
by K instead of II, and this results in an excessive
loss of both Na and K (Pitts and Alexander, 1945; Kaye,
1955), Thus although Piaiaox increases the urinary
concentrations of both Na and K, it is at the same time




100 mg of Diamox was administered by stomach tube
with the usual morning dose of water. The experiment
then proceeded as described in Section II.
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RESULTS
(i) Vasopressin administered during a water diuresis.
In seven experiments on three dogs vasopressin was
administered during a water diuresis. On four occasions
the close of vasopressin was the usual antidiuretic dose
(2-4 ral')» but in one dog the dose was on one occasion
doubled and in two experiments increased sixfold.
In the four experiments where the usual dose of
vasopressin was administered normal antidiuresis resulted
on three occasions. In the fourth experiment the water
diuresis was unusually brisk and 4 mil vasopressin
reduced the urine flow froia a maximum rate of 7,6 ml/rain
to a minimum of 2,43 ml/min. There was in all cases an
increase in CI excretion. This increase amounted to
100? on one occasion, but in the other cases it was only
about 10? (Fig 36). The excretion of Na and K continued
to fall even after the administration of vasopressin,
although the rate of this fall was slowed during the
antidiuresis. In one experiment there was a slight rise
in K excretion of about 10$. This was not the same
experiment as that where CI excretion was increased 100?.
In those experiments where the dose of vasopressin
was larger than usual the antidiuresis produced was no
greater than usual. The increase in CI excretion was
more obvious than that produced by the smaller doses,
and was of the order of 25?, Na excretion remained
unaffected by vasopressin, but increases in K excretion
of 10?, 25? and 30? were produced.
Minutes
Fig, 36# J 6,11,58 Water diuresis in a dog to which
lOOmg Biatnox had been administered 3 hours previously.
250 ml water at 0 time, 3mU Pitressin administered i«v»
at 57 inin (arrow).
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(II) Oxytocin administered during a water diuresis.
In one experiment oxytocin was administered during
a water diuresis. There was a transitory inhibition of
urine flow. The levels of Na and K excretion remained
unaltered, but there was a small (lof) increase in CI
excretion which lasted only 25 rain (Fig 37).
(ill) Oxytocin administered during the non diuretic state.
In two experiments oxytocin was administered during
the non diuretic state. On both occasions urine flow
began at levels no higher than normal, and oxytocin did
not alter the flow rate. In both ca.ses there was an
increase in Na excretion lasting 40 rain. These increases
were of 20$?* and 30f. In one experiment the K excretion
was also increased by 15$?, but otherwise there were no
electrolyte changes. (Fig 38).
Minutes
Fig, 37, P 7,4,58 Water diuresis in a dog to which
lOOrag Diamox had been administered 3 hours previously,
300 ml water at 0 time, 150mU oxytocin administered i,v,
at 51 min (arrow).
20 40 *0 SO IOO 120 140
Minutes
Fig# 38. J 27.11.58 Non
to which 100 mg Diamox had
previously. 150mU oxytocin
between 40 - 45 min.
diuretic urine flow in a




These findings show that Diaraox diminishes the
ability of vasopressin to increase electrolyte excretion.
After a dose of Diamox, vasopressin caused only a slight
increase in CI excretion. When the dose of vasopressin
was increased to much larger than the usual antidiuretic
dose, an increase in K excretion was produced, but in no
case did an increase in Na excretion result.
There is a possibility that the increase in electro¬
lyte excretion usually seen during vasopressin antidiu-
resis may be an artifact resulting from some error in
collection or analysis (Anslow and Wesson, 1955). This
would explain why the apparent increase in electrolyte
excretion was greatest in those experiments where the
initial level of electrolyte excretion was high (Section
II), for such errors would tend to be proportional to the
concentration of electrolytes in the urine. This possib¬
ility is, however, excluded by those experiments conducted
under the influence of Diaiaox. Here the initial excretion
of Na and K was at very high levels, but vasopressin
produced only a very small increase. Thus it would appear
that the level of electrolytes in the final urine does
not determine the magnitude of the electrolyte response
to vasopressin, i.e. the phenomenon is not an experi¬
mental artifact.
In view of the fact that the normal action of
vasopressin in increasing electrolyte excretion is almost
abolished by the previous administration of Diamox, the
question arises as to whether this action of vasopressin
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is directly or indirectly dependent on carbonic anhydrase.
Since at least part of the conservation of Na is under¬
taken by the H - Na exchange system, it is possible that
vasopressin could normally increase Na excretion by
inhibiting this exchange. If the system were already
fully depressed by Diamox, vasopressin could not produce
any further inhibition. This does not explain the changes
in CI excretion caused by vasopressin. Although carbonic
anhydrase has been found to be necessary for CI conser¬
vation in the alligator (Coulston and Hernandez, 1957),
there is no evidence of a similar mechanism in the dog.
The Na - H exchange mechanism is probably only one
of several mechanisms of Na conservation. During the
action of Diaraox the loss of Na through this defective
system must eventually lower the serum Na levels, and
this would in turn stimulate the conservation of Na by
the remaining intact mechanisms. The increase in Na
excretion produced by vasopressin under these circum¬
stances may therefore be no greater than that usually
produced by vasopressin during other conditions of Na
deficiency. These changes would be quite small and would
certainly pass unobserved when mixed with the large
quantities of Na and K already in the urine as a result
of the action of Diamox.
The usual action of oxytocin in increasing electro¬
lyte excretion during the non diuretic state does not
appear to have been modified by the administration of
Diamox. This suggests that the actions of vasopressin
and oxytocin may be entirely unrelated.
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SECTION VI
EFFECT OF RENAL DENERVATION ON THE RESPONSE
TO VASOPRESSIN AND OXYTOCIN
INTRODUCTION
Posterior pituitary extracts were found to increase
the CI excretion by a perfused isolated kidney (Starling
and Verney, 1925), Obviously nervous mechanisms played
no part in the production of this effect. Since that
time however, it has been found that both vasopressin
and oxytocin exert independent actions upon electrolyte
excretion (Section II), It was considered desirable,
therefore, to reinvestigate the problem to see whether
both these actions persisted after renal denervation.
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METHODS
The animal used has been described previously in
Section I. Both kidneys were denervated by stripping the
renal vessels at a single stage trans abdominal operation.
All observations recorded here were made within 6 weeks
of the operation. The plan of the experiments was as
described in Section II.
On four occasions clearance studies were undertaken.
Glomerular filtration rate (G.F.R.) was measured as the
clearance of creatinine. The clearance of p-amino hippurie
acid (P.A.H.) was used as a measure of renal plasma flow
(R.P.F.). Adequate plasma levels of these substances were
produced by their oral administration with the afternoon
water load. The dose of creatinine was 5.0 gia, and of
F.A.H. 2,4 gin. Serum and urinary creatinine was measured
by the method described in Section I. P.A.H. was estim¬
ated colourimetrically by the method of Smith et al (1945).
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RESULTS
(i) Arginine vasopressin or Pitressin administered during
& water diuresis.
On three occasions the usual antidiuretic dose of
either arginine vasopressin or Pitressin was administered
during a water diuresis in a dog with bilateral renal
denervation. In all cases there was a normal antidiuresis.
There was a definite increase in CI excretion in all
experiments, but the change in the excretion rate of Na
and K consisted merely of an inhibition of the fall in
electrolyte excretion which was occuring spontaneously.
(Fig 39). Such minor changes in Na and K excretion in the
presence of large increases in CI excretion were frequ¬
ently seen in the normal animal.
In these experiments the transitory decrease in
electrolyte excretion which was seen in the early stages
of the antidiuresis was of greater magnitude than the
decrease seen before the kidneys had been denervated. In
two other experiments where clearance studies were
undertaken during a diuresis, vasopressin was antidiuretic
but had little effect upon the excretion of electrolytes.
(Fig 40). The time after the operation at which the
observation was made did not appear to determine the
nature of the response to vasopressin.
(il) Oxytocin administered during a water diuresis.
On three occasions oxytocin was administered during
n water diuresis, in the (Jog with denervated kidneys. On
all occasions there was a mild inhibition of urine flow.
20 4 O 60 SO IOO 120 140
Minutes
Fig. 39. B.Cl 10.3.58 Water diuresis in a dog with
denervated kidneys. 300 ml water at 0 time. 2,5mU
vasopressin administered i.v. at 51 min (arrow).
20 4 O 60 SO IOO 120 140
Minutes
Fig. 40. B.C1 4.11.57 Water diuresis in a dog with
denervated kidneys. 5 gm creatinine and 2,4 gm p—amino
hippuric acid in 300 ml water at 0 time. 2mU vasopressin
administered i.v, at 59 min (arrow).
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On the two occasions when the Na excretion was in¬
creased, the increase was maintained for more than SOmin
but the increases were small (Fi g 41).
(Ilij Arginine vasopressin administered during the non
diuretic state.
On two occasions the usual antidiuretic dose of
vasopressin was administered during the non diuretic state.
In one experiment there was no change in urine flow, but
the excretion of Na and CI was elevated by 10f for 40 rain.
In the other experiment the urine flow was inhibited for
10 min, but there was no change in electrolyte excretion.
tIV) Oxytocin during the non diuretic state.
On two occasions oxytocin was administered to the
dog with denervated kidneys during observation of the
resting flow. On both occasions the urine flow was
inhibited for about 10 min, and an increase in Na and CI
excretion lasting for more than 50 rain was produced. The
excretion of K remained unaltered (Fig 42)
(XLClearance studies.
On two occasions the G.F.R, and Jl.P.F. were measured
during a water diuresis immediately before and 12min
20 40 60 0O IOO 120 140
Minutes
Fig. 41. B.C1 18.10.57 Water diuresis in a dog with
denerwated kidneys. 300 ml water at 0 time, ISOraU oxytocin
administered itv. at 46 rain (arrow).
JO 40 «0 (O IOO 130 140
Minutes
Fig, 42, B.C1 21,10,57 Non diuretic urine flow in a
dog with denervated kidneys, 150mU oxytocin administered
i,v. at 50 min (arrow).
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after an injection of vasopressin. In one cose neither
the G.F.R. nor R.P.F. were significantly changed. In
the second experiment the G.F.R. increased from a
pre-injection level of 68 ml/rain to 80 ml/rain. The
R.P.F. increased from 230 ml/rain to 313 ral/min. In
neither of these txperiments did vasopressin cause an
increase in electrolyte excretion.
Clearance studies were also made before and after
an injection of oxytocin during a water diuresis. On
two occasions G.F.R. was measured, and no significant
change noted. On one of these occasions the R.P.F.
was also measured, and was found to increase from 194 ml/
min 20 rain later.
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DISCUSSION
The dog with denervated kidneys responded to vaso¬
pressin in almost the same manner as it did when normal.
Vasopressin was active during a water diuresis, when it
inhibited the diuresis and caused an increase in electro¬
lyte excretion. During the non diuretic state vasopressin
was without effect. Oxytocin's activity was mainly seen
in the non diuretic state when it caused an increase in
electrolyte excretion lasting about 60 min, but during a
diuresis oxytocin caused only a slight diminution in
urine flow with a very small increase in electrolyte
excretion.
The greatest deviation from normal in these experi¬
ments was the large decrease in electrolyte excretion
seen in the early stages of an antidiuresis. This is
po^ihly due to increased dead space. Morales, Crowder»
Fishman, Maxwell and Gomez (1950) have found that dead
space usually adapts to changes in urine flow. Over a
wide range of flow rates the appearance time of dyes from
blood to bladder was always approxiaiately 100 sees. It is
probable that nervous mechanisms are involved in this
change of dead space. Although Morales et al. postulated
that the changes were due to alteration in calibre of
the renal tubules, the importance of changes in volume of
the renal pelvis and ureter must not be overlooked. The
nerve supply to these structures would have been inter¬
fered with in this animal.
The changes in renal haemodynamics caused by oxytocin
are much the same as described by Brooks and Pickford
"
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(1957), namely an elevation of R.P.F, without any signif¬
icant change in G.F.E. The slight increase in both G.F.R.
and R.P.F. caused by vasopressin in one case has not
previously been described in normal animals* However,
these changes were not confirmed in a second experiment*
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SECTION VII
THE EFFECT OF ADRENALECTOMY ON THE RESPONSE TO
VASOPRESSIN AND OXYTOCIN
INTRODUCTION
When large water loads are administered in company
with injections of a long acting preparation of vaso¬
pressin (Pitressin tannate), there is a uniform expansion
of all the fluid compartments (Cheek and West, 1956). In
the dog this results in an increase in Na excretion with
a decrease in K output, which has been related to a
decreased production of aldosterone (Bartter, Liddle,
Duncan, Barber and Delea, 1956), Beck, Dyrenfurth, Giroud
and Venning (1955) reported similae findings in humans
except that here no decrease in K excretion was seen.
Cheek and West (1956) reported that these changes
in Na excretion did not occur if the Pitressin tannate
was administered in the absence of a water load. They
therefore postulated that Pitressin could increase Na
excretion only through its action in expanding the body
fluids and decreasing aldosterone production.
These changes in Na excretion produced by Pitressin
tannate do not appear until 6 or 12 hours after the Pit¬
ressin tannate injection and water loading (Wrong, 1956),
In the present study intravenous injections of vasopressin
have been found to cause an immediate increase in electro¬
lyte excretion. This is obviously an entirely different
phenomenon from that produced by Pitressin tannate.
Investigations were therefore undertaken to see if this
106
acute effect of vasopressin was dependent upon any
alteration in adrenal cortical function*
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METHODS
The dog used was subjected to a two stage trans
abdominal adrenalectomy, and was maintained by daily
injections of 8 mg hydrocortisone and 0.7 mg desoxy-
corticosterone acetate (D.C.A.), The diet was a standard
stew prepared from bread and canned dog food (Red Heart).
Half a pint of milk was allowed each morning together
with three small uniform dog biscuits. An additional 1 gm
of NaCl was provided in the daily food bowl.
The raaintainance therapy was judged to be adequate
by the continued well being of the dog, its maintenance
of constant weight, and the maintenance of serum electro¬
lyte values within normal limits. The adrenalectomy was
found to have been complete at subsequent postmortem
examination.
The experiments conformed to the pattern described
in Section II, all the details of those experiments being
applicable here. The maintenance dose of steroids was
usually administered one hour before the morning water
load.
Control observations were made before the adrenal¬
ectomy. This particular dog was found to be comparatively
resistant to the action of posterior pituitary hormones.
A dose of at least 4inU vasopressin was required to
increase electrolyte excretion during a water diuresis.
No dose of oxytocin was found which could elevate elect¬
rolyte excretion during the non diuretic state. The




(I) Vasopressin during a water diuresis.
Is all, vasopressin was administered to the adrenal-
ectomised dog on 15 occasions during a water diuresis.
In some of these experiments the steroid dosage was more
or less than the daily maintenance dose. These experi¬
ments will be discussed again in greater detail below.
In three experiments where vasopressin was administered
as a single injection of 4mU, there was a normal anti-
diuresis but little effect on electrolyte excretion other
than a transitory inhibition of the general downward
trend in electrolyte excretion. In the other 12 experi¬
ments the initial dose of 4mU vasopressin was followed by
an infusion of 0»2mU/min for from 8 to 15 min. In all
these experiments there was a prompt antidiuresis out¬
lasting the infusion by at least 15 rain (Fig 43), There
was always some increase in electrolyte excretion during
the antidiuresis. Table XXIV lists the frequency and






5 2 5 10 2 0 10 0 2
-h Increased excretion 0 No change — Decreased
excretion
The increases in Na excretion were never greater
than 25^, The CI excretion never increased by more than
50^>. On two occasions there were 100^ increases in K
Fig. 43, F 19.3.58 Water diuresis in an adrenalecto-
raized dog. No steroids administered on morning of
experiment. 250 ml water at 0 time. 5mU vasopressin
administered i.v, at 52 rain, followed by an infusion of
Q.2mU/min for 13 min.
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excretion, and on three other occasioms the increase in
K excretion exceeded 70^. These K changes were larger
than those produced by a similar dose of vasopressin
when the animal was normal,
(a) Effect of low steroid dosage. In four of the
15 experiments recorded above the usual dose of P.C.A.
was witheld until after the experiment was concluded. In
one of these cases half the usual dose of hydrocortisone
was administered at the usual time, but in the other
cases this was also witheld. In each of these four cases
vasopressin caused a prompt antidiuresis and an increase
in electrolyte excretion (Fig 43). Tables XXV and XXVII




4-0 — 4- 0 — 4- 0
031 400 400
-t- Increased excretion 0 No change
— Decreased excretion
The increase in K excretion ranged from to 100^
and the increases in CI excretion were from 10/- to 50^.
(b) Effect of high steroid dosage. In five of the
15 experiments described above the morning dose of steroid
had been greater than required for normal maintenance.
In three experiments the usual dose of hydrocortisone
was administered, with twice or three times the usual
110
dose of D.C.A. In two experiments twice the usual dose of
hydrocortisone was administered with either twice or
three times the usual dose of P.C.A. In all these cases
there was a prompt antidiuresis and an increase in
electrolyte excretion (Fig 44). The frequency and type
of response of the individual electrolytes is listed in
Tables XXVI and XXVII.
Table XXVI
Na K CI
-H 0 — 4-0 — -f- 0 —
4 1 0 5 00 401
-f- Increased excretion. 0 No change
— decreased excretion
The increase in Na excretion was about 10^. The
increase in K ranged from 10^ to 100^ with an average of
70fm The increase in CI excretion averaged 55^ with a
range from 20? to 70?,
(c) Effect on Na/K ratio. In the above 0 experi¬
ments where the dose of steroid was varied, the effect of
vasopressin on the ratio of Na/K was studied. In all the
experiments the excretion of Na plus K at the beginning
of the experiment ranged from 83 uEq/min to 210 uEq/rain,
There was no correlation between the original level of
Na plus K excretion and the dose of the steroids which
had been administered.,
In those experiments where the dog had been deprived
of steroids K accounted for an average of 16.5^ (i3.36/f)
of the total Na plus K excretion at the beginning of the
I to












Fig. 44, F 22,8,58 Water diuresis in an adrenalect-
omized dog, li.Ocig D.C.A. and 0,4mg hydrocortisone on
morning of experiment, 250 ml water at 0 time. 5mU
vasopressin administered i,v, at 53 min, followed by an
infusion of 0,2mU/min for 7 min.
Table XXVII
TIIE EFFECT OF VASOPRESSIN ON ELECTROLYTE EXCRETION
DURING WATER DIURESIS IN THE ADRENALECTOMIZED DOG
Na K CI Totals
0 — -+-0 — -+-0 —
Low steroid
dosage 031 400 400 4
High steroid





diuresis. When electrolyte excretion increased during
the antidiuresis produced by vasopressin, K. was found to
account for 55^ (± 9,8?) of the total Na J>lus K excretion
during this period of increased electrolyte excretion.
In those experiments where steroid administration
was excessive, K accounted for 40,5^ (i 9,25f) of the
total Na plus K excretion at the beginning of the diuresis.
During the vasopressin antidiuresis K excretion amounted
to 59,8^ 3.42^) of the total Na plus K excretion,
Thus although the total increase in Na pius K
excretion produced by vasopressin was much the same under
conditions of high and low steroid maintenance, the
increase in K was greatest during low steroid dosing, and
the increase in Na excretion was greatest during high
steroid maintenance. Under both conditions the Na/K ratio
was near unity during the peak electrolyte excretion
after vasopressin,
(ll) Oxytocin during the non diuretic state.
In five experiments during which the dog was on
normal steroid maintenance oxytocin was administered
during the non diuretic state. The doses of oxytocin were
increased from a single injection of 150raU to infusions of
2mU/iain after priming doses of 4QmU amd 80mU. Eventually
doses of 80mU and 16()mU were followed by infusions of
4siU/rain, The infusions were maintained for from 10 to 17
rain. In all cases the urine flow diminished for one sample
when the infusion was started, but there was no signif~
icant change in electrolyte excretion.
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DISCUSSION
The high levels of urinary K, and the ease with
which a water load was excreted suggest that in this
animal, even on the days of steroid deprivation, there
was an adequate,even a more than sufficient,level of
circulating steroids. This was probably due to delayed
absorption of part of the previous day's maintenance
dose, and was certainly not due to the presence of any
residual adrenal tissue (as was proved by post mortem
examination). Thus although the findings illustrate that
the acute action of vasopressin in increasing electrolyte
excretion can proceed in the absence of an adrenal gland,
no attempt has been made to demonstrate this activity in
the complete absence of adrenal steroids.
Throughout each of these experiments the dog hat! a
fairly steady tissue level of exogenous hydrocortisone
and T.C.A. over which there was no internal control.
These levels may have increased or decreased a little
depending upon the relative rates of steroid absorption
and utilization. During a water diuresis there may have
been a temporary decrease in the tissue concentrations
of steroids due to dilution of the tissue fluids by the
ingested water. However unless some control over steroid
utilization is postulated it is difficult to see how the
level of steroids could, in this dog, be varied to suit
any particular requirement.
The persistence of the action of vasopressin in
increasing electrolyte excretion even after adrenalectomy
does not conflict with the findings of Reck et al (1955)
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and Bartter et al (1956). Although these workers found
that Pitressia tannnte increased electrolyte excretion
by decreasing aldosterone production, it is obvious from
the time course of the changes they were observing that
they were dealing with a phenomenon different from that
at present under consideration. It is unfortunate that
they and other workers (Wrong, 1956; Cheek and West, 1956)
wrote of this delayed action of Pitressin tannate in a
manner which suggests that the electrolyte changes they
observed are the only electrolyte changes produced by
vasopressin.
The present findings are not unexpected. The early
observations of Starling and Verney (1925), that pituitary
extracts caused a chloruresis in the isolated perfused
kidney, clearly illustrated that this action was a direct
renal action not mediated through any alteration in
steroid secretion. In that study, however, the posterior
pituitary extract used was relatively crude by modern
standards and may have possessed properties other than
those exhibited by pure vasopressin.
The speed with which vasopressin caused an increase
in electrolyte excretion also suggested a direct renal
action. In several cases the increase in electrolyte
excretion was seen within 5 min of the injection, and in
all cases the increase was present within 15 min. These
times include the time required for the urine to traverse
the urinary dead space. Although it may be possible in
the normal dog for aldosterone secretion to be halted
within 5 min of a stimulus it seems improbable that in
114
such a short period of time aldosterone degradation would
have proceeded far enough to cause an appreciable lower¬
ing of the levels of aldosterone already in circulation*
Another theoretical objection to the hypothesis thai
vasopressin acts on electrolyte excretion by expanding
the extracellular fluid compartment and decreasing aldo¬
sterone secretion, is the small changes in body water
content which could be expected under these circumstances.
In these experiments vasopressin was usually administered
when the urine flow was running at about 5 ml/nin. There
was an immediate antidiuresis during which the urine flow
decreased to*about 0.5 ial/min» Thus in the first 5 min of
an antidiuresis not more than 25 ml of water which would
otherwise have been excreted is retained. Since the
increase in electrolyte excretion is frequently seen
within 5 rain of a dose of vasopressin, it follows that
the electrolyte changes must have been initiated when
considerably smaller volumes than 25 ml of water had been
retained. Such small changes in body water seem very
small to produce large changes in aldosterone secretion
in a dog of about 13 kg.
There is a possibility that vasopressin may act to
redistribute the existing body water within the fluid
compartments, and that this redistribution may lead to
altered aldosterone production.Friedman, Friedman and
Nakashiran (1955) working with rats, found that large doses
of Pitressin caused water and Na to move into the cells.
In humans suffering from diabetes insipidus, Pasqu&lini
and Codevilla (1959) found that Pitressin was able to
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reduce thirst even if no water was taken. This suggested
a redistribution of existing body water. Even these
nrguements are without much weight for they suggest that
Pitressin causes water to move into the cells, whereas
a decreased aldosterone secretion would appear to depend
upon an expanded extracellular volume (Bartter et al 1956)
Perhaps the oiost serious theoretical objection to
the adrenal playing an intermediate role in vasopressin's
increase of electrolyte excretion is the observation that
vasopressin frequently causes a simultaneous increase in
both Na and K excretion. If the increase in Na excretion
were a result of decreased aldosterone activity, a
simultaneous denrease in K excretion would be expected.
The electrolyte response to vasopressin in this
animal was not quite normal in that an increase in K
excretion was always a dominant feature of the response,
whereas when the animal was normal the increase in K
excretion was frequently insignificant. The basal K
excretion in this animal after operation was unusually
high, perhaps due to the presence of a rich source of
dietary K in the milk provided. As already mentioned,
the levels of B.C.A. administered were high enough to
enable this K load to be excreted even on the days when
the steroids were witheld, probably due to delayed
absorption of the previous day's dose.
Shannon (19412) has presented evidence that the
increase in Na excretion due to vasopressin is due to
decreased proximal reabsorption of filtered Na, Anslow
and Wesson (1955) further suggest that any increase in K
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excretion during a vasopressin induced antidiuresis is
due to the exchange in the distal tubule of some of this
extra Na for K. These theories are supported by the
present study where the increase in K excretion in
response to vasopressin always overshadowed the increase
in Na excretion. In these experiments the initial K
excretion was always high, and it is a reasonable
assumption that the Na — K exchange system was highly
active.
It is not easy to explain why in the vasopressin
experiments undertaken during excessive P.C.A. administ¬
ration, the increase in Na excretion was relatively
larger than in experiments during lower steroid administ¬
ration. In both sets of circumstances the administration
of vasopressin caused the K/Na ratio to increase, but the
increase in both cases was to a value just above unity.
In this state, when the concentrations of Na and K in
the urine were equal, the dynamics of the Na - K exchange
system would be different from when the concentration
of Na in the urine was in considerable excess of K. It is
possible that the exchange would be slowed as the concen¬
tration of urinary K increased.
Turing those experiments where the I>.C.A. dosage was
relatively low, the initial urinary K/Na ratio was low,
Thus if vasopressin caused an additional quantity of Na
to present in the distal tubule from higher in the nephron,
all this extra Na could be exchanged for K before the
K/Na ratio exceeded unity and the exchange was slowed.
During those experiments where the D.C.A. dosage was high,
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the K/Na ratio began at high levels (just below unity).
Only part of any extra quantity of Na appearing in the
distal tubule would under these circumstances be exchanged
for K before the exchange was slowed by the K/Na ratio
approaching unity. Thus some of the extra Na would appear
in the urine.
Although the above reasoning fits the experimental
findings, it is extremely speculative, and depends on the
rather tenuous hypothesis that adrenal steroids act by
setting the Na — K exchange system to resorb Na until the
concentration of Na in the distal tubular fluid reaches a
predetermined minimal level. Since the site of final
concentration of the urine is probably distal to the site
of Na - K exchange (Wirz 1957), studies based on the final
composition of the urine are unlikely to confirm or deny
this hypothesis. More complete understanding of the Na -
K exchange system would appear to await studies made on
distal tubular fluid obtained by micropuncture.
The results obtained from administering oxytocin
during the non diuretic state are inconclusive. No
increase in electrolyte excretion was observed, but this
may not have been due to the absence of the adrenal gland.
This particular dog, even before adrenalectomy, did not
respond to oxytocin by increasing electrolyte excretion.
Further studies are therefore required on other dogs.
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SECTION VIII
EFFECT OF INTERMEDIATE LOBE HORMONE ON EXCRETION
OF WATER AND ELECTROLYTES
INTRODUCTION
Commercial preparations of oxytocin have been
observed to have an action on renal function which is not
exhibited by highly purified natural oxytocin. Working
with the conscious dog, Brooks and Pickford (1957) found
that during water diuresis highly purified natural oxy¬
tocin exerted no effect other than to cause a moderate
decrease in urine flow. A similar dose of commercial
oxytocin (Pitocin) in about 60^ of cases interrupted the
diuresis and caused a simultaneous increase in the excre¬
tion of Na, K and CI. This electrolyte response was
similar to, but sometimes of greater magnitude than that
caused by an antidiuretic dose of vasopressin. Brooks
and Pickford were unable to reproduce this action of
commercial oxytocin by contaminating pure natural oxytocin
with highly purified vasopressin. This suggested the
existence of a third substance, present as a contaminant
in commercial oxytocin which either increased electrolyte
excretion itself, or modified the action of one or both
of the known posterior lobe hormones.
The raelanophore expanding hormone of the intermediate
lobe (M.S.H.) is a possible contaminant of all pituitary
extracts. When it was first isolated in a moderately
pure form this hormone was thought to possess potent
antidiuretic activity. (Sulzberger, 1933), This property
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was, however later attributed to the presence of residual
posterior pituitary hormones, and purified extracts of
M.S.H. were declared to be without antidiuretic activity
(Fraser, 1937} Landgrebe and Waring, 1941). As there do
not appear to have been any extensive investigations
into the actions of M.S.IT. on electrolyte excretion, this
present study was undertaken to determine whether M.S.H.




The experiments were all based on the same plan as
has already been described in Section II, The dog used
in this study had already been used in previous studies
so that its usual response to the various hormones was
known.
The M.S.R. used was from a sample prepared by Pr J.
Porath using the method of Porath, Roos, Landgrebe and
Mitchell (1955), Subdivisions of this sample were made
by dissolving in distilled water, dividing by volume, and
as rapidly as possible freeze drying and sealing in a
vaccuun. Each batch of subdivisions was tested for
activity on an isolated frog skin, and at the end of the
series of experiments a sample was submitted to Pr, B,
Hobson for accurate assay of the residual potency by the
method of Landgrebe and Waring (1944), The oxytocin used
was the synthetic oxytocin described previously, and the
vasopressin was the highly purified arginine vasopressin
supplied by Pr, V, du Vigneaud,
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RESULTS
(I) M.S.Ii. administered during a water diuresis.
In six experiments doses of M.S.H. were administered
during a water diuresis. In one experiment where the dose
used was 100 I.U, M.S.II. caused an antidiuresis and an
increase in electrolyte excretion of a similar magnitude
and time course as that produced by a dose of 2mU vaso¬
pressin (Fig 45).
In the remaining experiments the doses of M.S.H.
were of lOmU, 70raU, 140mU and 2,3 I.U. On one occasion
an injection of 70mU was followed by a slow infusion of
lOOmU during the subsequent 15 min. In all these experi¬
ments the normal course of the water diuresis and of the
electrolyte excretion proceeded unmodified by the inject¬
ion (Fig 46),
(II) M.S.H. administered during the non diuretic state.
In five experiments on one dog M.S.H. was adminis¬
tered during the non diuretic state. The doses used were
70mU and 2,3 I.U. On no occasion was any significant
change in electrolyte excretion observed.
(III) M.S.H. and vasopressin administered during a water
diuresis.
On one occasion a dose of 70raU M.S.H. was adminis¬
tered with 2mU vasopressin during a water diuresis. There
was a prompt antidiuresis and a simultaneous inhibition
of the downward trend in electrolyte excretion. This
response was similar to the response produced by a dose
of 2rnU vasopressin under similar circumstances on the
Fig* 45. B.C1 5*2,58 Water diuresis in a dog* 300 ml
water at 0 time* 100 XU pure M.S.II. administered i.v.
at 28 utin (arrow).
20 4 O 60 80 IOO 120 MO
Minutes
Fig, 46, B.C1 11.6,57 Water diuresis in a dog. 300 nil




(IV) M.S.II. and vasopressin administered during the non
diuretic state.
In one experiment during the non diuretic state,
2mU vasopressin was administered with 2,3 I.U. M.S.FI,
There was a slight inhibition of urine flow for 10 rain,
but there was no net increase in electrolyte excretion.
(V) M.S.IF, and oxytocin administered during a water
diuresis.
In three experiments ISOraU oxytocin was administered
with 70mli M.S.H, during a water diuresis. In all cases
there was a mild inhibition of urine flow and a small
increase in the excretion of electrolytes. These increases
were less than 30? and were no larger than those occasio¬
nally produced by oxytocin alone under similar circum¬
stances. (Fig 47).
(VI) M.S.H. and oxytocin administered during the non
diuretic state.
In one experiment a dose of TOinU M.S.H. was admin¬
istered with 150mU oxytocin during the non diuretic state.
There was a slight increase in urine flow accompanied by
an increase of about 100? in the excretion rates of Na,
K and CI. These increases lasted about one hour., and were
of the same magnitude and time course as those frequently
produced by oxytocin alone.
20 40 to «0 IOO 120 140
Minutes
Fig. 47. B.C1 28.6,57 Water diuresis in a dog. 300 ml
water at 0 time. 150mU oxytocin plus 70mU pure M.S.H,
administered i.v. at 46 min (arrow).
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(VI1) M.S.FT,, oxytocin and vasopressin administered
during a water diuresis.
In one animal a dose of SOmU oxytocin and 0«6mU
vasopressin was found to be antidiuretic -without causing
any significant increase in electrolyte excretion, (Fig
14 Section II)» On three occasions this mixture was
combined with a dose of 2,3 I,U M.S.H. The same degree
of antidiuresis resulted, and the increase in electro¬
lyte excretion was either minute or absent (Fig 48),
20 40 60 80 IOO 120 140
Minutes
Fig, 48, B.Cl 28,1,58 Water diuresis in a dog. 300 ml
water at 0 time. 80mU oxytocin plus 0,6mU vasopressin
and 2,3 IU pure M.S.H. administered i,v. at 47 min (arrow
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DISCUSSION
The above findings would appear to dispose of the
suspicion that M.S.H. was responsible for the unexpected
actions of commercial oxytocin reported by Brooks and
Pickford (1957). The doses of M.S.H. used in this study
varied from small ones to those grossly in excess of any
expected level of contamination in commercial extracts.
Indeed the preparation used by Brooks and Pickford
(Pitocin) was reported by Landgrebe and Waring (1950) to
be free of M.S.H. A more recent assay using a method
sensitive to lmU failed to detect any M.S.H. in a dose of
Pitocin containing 300mU oxytocin (Hobson, personal
communication)•
There is also no evidence that M.S.H. exerts any
direct influence on the excretion of water and electro¬
lytes. The one occasion on which a massive dose of 100
I.U M.S.H. inhibited a diuresis and increased the output
of electrolytes can probably be attributed to the presence
of contaminating vasopressin. This dose was administered
during studies into the excretion of M.S.II. and when
compared with the dose levels required for pigment
changes in amphibia appears to be well beyond physiolog¬
ical limits. Although the extract was stated to contain
less than 0.001J& vasopressin (I'orath, personal commun¬
ication), such a level of contamination might explain
the findings in this case.
It may be that some action of M.S.II. on renal
function would have appeared had the observations been
continued beyond the 60 to 90 rain periods used in this
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study, but short as this time is, it represents at least
three times the circulating life of an injected dose of
M.S.H. (Landgrebe and Waring, 1941). Lerner, Shizume
and Bunding (1954) administered massive doses of M.S.H,
to human subjects daily for 36 days. Unfortunately they
did not investigate urinary excretion of electrolytes,
but their studies of serum electrolytes did not reveal
a significant deviation from normal. Since any gross
change in the urinary excretion of electrolytes if main¬
tained for 36 days might be expected to cause some
secondary alteration in serum electrolyte levels, the
failure to observe these changes suggests that prolonged
administration of M.S.H. does not alter renal function
to any significant degree.
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CONCLUSIONS
The foregoing experiments, although considered for
the sake of clarity under separate sections, are all
closely related and were conceived as a series of logical
steps towards the elucidation of the site and nature of
the renal action of posterior pituitary hormones. Thus
Section I is merely an investigation of the unmodified
pattern of water and electrolyte excretion in all the
various circumstances under which the actions of vaso¬
pressin and oxytocin were later studied. These control
studies were very useful in that they provided a clearly
defined baseline against which the changes produced by
vasopressin and oxytocin could be observed. It was estab¬
lished that during a water diuresis the absolute excretion
of electrolytes decreased as the urine flow increased,
and that the rate of electrolyte excretion did not
increase again until at least 30 min after the peak of
the diuresis. This phenomenon was not altered by an
increased electrolyte intake or by denervation of the
kidneys or adrenalectomy. The experiments did not,
however, yield any information as to how these changes in
electrolyte excretion were produced. Puring the non
diuretic state electrolyte excretion tended to remain
steady despite minor fluctuations in the rate of urine
flow.
Although a large number of observations were made
on the action of oxytocin, for reasons stated below, only
a few broad generalized conclusions could be drawn from
the results. The main renal action of oxytocin was seen
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during the non diuretic state where an increase in
electrolyte excretion occurred in the absence of any
alteration in the rate of urine flow. Although these
changes occurred consistently, the experimental errors
due to poor drainage of the urinary dead space are poten¬
tially large under these conditions of low urinary flow
rates. Therefore it is difficult to obtain data of suff-
icent reliability to permit any more detailed investig¬
ation of the phenomenon.
Oxytocin was also demonstrated to have a weak action
in increasing electrolyte excretion when administered
during a water diuresis. This action could occasionally
be enhanced by previously loading the test animal with
an oral dose of NaCl, but as this effect could not always
be reproduced, it proved an unsatisfactory phenomenon
for investigation. The problem of these variable responses
to oxytocin was further considered in Section VIII, When
the oxytocic substance used is a commercial extract of
pituitary glands it is possible that some of the variab¬
ility of response may be due to occasional contamination
of the extract with other active substances. Since the
intermediate lobe hormone is a possible contaminant of
all pituitary extracts, this substance was investigated
for renal activity, either alone or in company with
vasopressin or oxytocin. The findings were completely
negative. Since the renal response to pure synthetic
oxytocin is just as unpredictable as the response to
commercial extracts (Section II), it seems probable that
the cause of the variation lies in the internal
12 S
environment of the teat animal rather than in contamin¬
ation of the oxytocin.
The action of vasopressin on electrolyte excretion
proved a much more satisfactory field of study. During
a water diuresis vasopressin was found to reduce the
urine flow and to increase electrolyte excretion (Section
II), This action of vasopressin was not modified by
renal denervation (Section VI), Vasopressin was also
demonstrated to increase electrolyte excretion during a
water diuresis in the adrenalectoraized dog (Section VII),
thus proving that the effect was not mediated through
alteration in adrenal steroid output. These phenomena
are produced by doses of vasopressin which have no demon¬
strable effect upon renal plasma flow or glomerular
filtration rate (Sellwood and Verney, 1955 and Section
II), These findings therefore suggest that vasopressin
may exert a direct action upon the renal tubular epith¬
elium.
Section III resulted from the observation that the
actual increase in electrolyte excretion produced by
vasopressin was greatest in those experiments where the
electrolyte excretion was already high at the beginning
of the experiment. This condition was reproduced by
administering a dose of NaCl to the test animal several
hours before the water diuresis was induced. Subsequently
it was found that the augmented electrolyte response to
vasopressin could be produced by previously loading the
test animal with NallCO^, KHCG.^, or NII^Cl, This suggested
that the response to vasopressin could be increased by
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"t" -+• —
loading with Na , K , or CI independently.
In Section IV further analyses of the above experi¬
ments revealed that, depending on the pH of the urine,
vasopressin could cause an increase in Na and K excretion
independently of an increase in CI output, or alternat¬
ively an increase in CI excretion independently of an
increase in Na and K. In the latter case it was shown
that ionic equilibrium in the urine was maintained by an
increased excretion of ammonium. Unless it is postulated
that vasopressin exerts a direct action on the excretion
of many ions, these findings are probably best explained .
v j :i'
by the hypothesis that vasopressin causes an increa&eu
amount of NaCl to appear in the distal tubular fluid
from somewhere higher in the nephron. This extra NaCI is
then either reabsorbed as such or exchanged for other
ions in the distal tubule, depending on the requirements
of homeostasis prevailing at the time.
Vasopressin would appear, therefore, to have at
least two distinct renal actions. Firstly it promotes
the reabsorption of water from the tubular fluid. There
is good evidence that this action occurs near the end of
the nephron in the collecting ducts (\Virz, 1957). The
second action of vasopressin is to increase electrolyte
excretion, which as stated above, appears to be due to
an action located somewhere proxiaial to the distal
convoluted tubule. These two actions may not, however, be
as distinct as would at first appear. In the following
paragraphs an attempt will be made to present a hypoth¬
esis wherein these two activities are brought together
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and attributed to a single action occurring at one
specific site,
Micropunctnre techniques have demonstrated that
fluid reaching the distal tubules is usually hypotonic
to plasma (Wirz, 1957), The final concentrating mechanism
must therefore lie still more distnlly, probably in the
collecting ducts, Wirz does not however favour the concept
that water is actively reabsorbed from the collecting
ducts against an increasing osmotic gradient. He presents
good evidence that during antidiuresis the concentration
of all the constituents of the entire renal pyramid
increases progressively toward® the tip. Thus blood in
the arterial and venous loops of the medulla, and tubular
fluid in the loops of Henle are progressively concent¬
rated as they descend towards the tip of the pyramid,
and rediluted as they ascend again. The extracellular
fluid of the pyramid shares in this process of progress¬
ive concentration. The collecting ducts pass straight
through the renal pyramid from the cortex to the papilla.
The urine in these ducts can therefore be concentrated
by the loss of water to the hypertonic surroundings, and
since this urine never ascends again through the pyramid,
the concentration is permanent. Thus, although the final
urine may become highly concentrated as it passes through
the pyramid, the osmotic gradient across any particular
portion of the duct wall will be quite small,
Wirz supports his hypothesis with a working model
of the medullary loop, in which the adjacent walls of
the descending and ascending limbs of the loop of Henle
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are represented as a single semipermeable membrane. He
is able to show that ?/Iien an osmotic gradient is set up
between the contents of the two limbs, the progressive
concentration of the contents of both limbs in the region
of the hairpin bend will proceed spontaneously. He
postulates that in life this osmotic gradient is achieved
by the active reabsorption of Na from the ascending limb.
This reabsorption is thought to proceed at a constant
rate irrespective of the conditions prevailing at the
time.
During the elaboration of a dilute urine, the
descending limb is said to be impermeable to water and
Na, and the ascending limb only slightly permeable to
water. Thus the countercurrent concentrating mechanism
cannot be initiated. The tubular fluid is diluted by the
removal of more Na than water from the ascending limb
and after further ionic exchange and absorption this
dilute fluid is delivered to the ureter as dilute urine.
Under the influence of vasopressin however, the descen¬
ding limb is thought to become permeable to water. This
sets the counter current concentrating mechanism in
operation, the region of the tip of the pyramid becomes
highly concentrated, and as a result water is removed
from the final urine.
The fundamental point of this hypothesis is that
the removal of Na from the ascending limb of the loop
renders the extracellular fluid of the pyramid slightly
hypertonic. Under the influence of vasopressin water is
able to pass out of the descending limb into this hyper-
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ionic region, resulting in an increased osmotic pressure
of the tubular fluid. This sets the progressive concen¬
trating mechanism in motion. However this hypothesis
would be just as well served if it were postulated that
the concentration of the contents of the descending limb
were achieved by the passage of Na into the tubule, as
well as water out of it, Wirz has suggested this as a
possibility. Most of the Na passing into the descending
limb would be reabsorbed from the ascending limb, but it
is probable that some would escape to the distal tubule.
This would explain why, under the influence of vaso¬
pressin, an increased amount of NaCl appears to reach
the distal tubule*
If this theory is correct, it is unnecessary to
postiilate that vasopressin acts at two different sites
in the kidney, decreasing Na reabsorption proximally
and increasing water reabsorption from the collecting
ducts. It is now postulated that vasopressin acts only
on the descending limb of the loop of Henle, causing Na
to pass into the tubular fluid. This enables the counter
current concentrating mechanism to be initiated, leading
to the removal of fluid from the final urine.
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SUMMARY
1. The effect of posterior pituitary hormones on the
excretion of water and electrolytes was studied in dogs.
2. During an unmodified water diuresis, the rate of
excretion of electrolytes decreased as the urine flow in¬
creased and continued to fall for about 30 sain after the
peak of diuresis. In the non diuretic state electrolyte
excretion was steady and independent of minor fluctuat¬
ions in urine flow. These patterns of water and electro¬
lyte excretion were not modified by adrenalectomy, renal
denervation or by previously loading the dog with
various salts.
3. When administered during a water diuresis, vaso¬
pressin decreased the urine flow and increased the rate
of electrolyte excretion. Vasopressin was without
apparent effect during the non-diuretic state. During a
water diuresis pure oxytocin was without much effect,
although commercial oxytocin occasionally exhibited an
action similar to that of vasopressin. In the non-
diuretic state oxytocin increased electrolyte output
without any consistent effect on urine flow.
4. In some experiments the basal excretion of electro¬
lytes was elevated by loading the dog with various salts
three hours before a water diuresis was induced. During
the subsequent diuresis vasopressin caused an increase
in electrolyte excretion which was greater in absolute
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amounts than that produced when the basal excretion of
electrolytes was low. However, when the changes were
expressed as percentages the reverse was the case. The
electrolyte response to vasopressin was greatest when the
loading salt contained CI. Oxytocin occasionally caused
an increase in electrolyte excretion during s water
diuresis when the basal electrolyte excretion was high.
5. During a water diuresis vasopressin caused increases in
Na, K, CI, NHg and phosphate output which were independent
of each other and which were determined by the urinary
pll. Vasopressin did not alter the glomerular filtration
rate.
6. The action of vasopressin on electrolyte excretion
was almost absent when the animal was under the influence
4
of ucetazoleamide (Piarnox). Acetazoleamide did not
inhibit the action of oxytocin.
7. The actions of vasopressin and oxytocin were not
modified by renal denervation.
8. An rdrenalectomized dog on adequate steroid mainten¬
ance exhibited the same electrolyte response to vaso¬
pressin as a normal dog.
9. Pure M.S.H. was found to have no effect upon electro¬
lyte excretion.
10. It is postulated that the primary action of
vasopressin is to alter tiie permeability of the thin
135
segment of the medullary loop to NaCl and that this
results in the initiation of the concentrating mechanism
of the renal tubules*
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